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EXECUTIVE SUMMARY

New River Gorge Nationa River, Gauley River National Recreation Area, and Bluestone National
Scenic River contain some of the most significant water resources and water-based recreational
activitiesin the national park system. These parks encompass 86,270 acres, of which the National Park
Service owns nearly 58 percent. The New River Gorge has over one million visitors per year, many of
whom come to enjoy some of the best white-water rafting in the eastern United States.

All three parks are within the Kanawha River Basin and the Appalachian Plateaus Physiographic
Province. The three parks are in Mississippian and Pennsylvanian sedimentary geologic formations, the
latter containing extensive coal deposits. The terrain is an ancient plateau that has been eroded into
steep, sharply incised hillsand valleys. The climate is continental with four distinct seasons, and the
parks annually receive about 40 inches of precipitation.

New River Gorge Nationa River and Gauley River National Recreation Area are both immediately
downstream from major dams; Bluestone National Scenic River isunregulated. The Meadow River, a
major unregulated tributary of the Gauley River, and many minor tributaries are included in the water
resources of the parks.

The New and Gauley Rivers and their tributaries are home to about 90 species of fish. Of these fish, 46
species are native. With the remainder being introduced. Eight fish specieslive nowhere elsein the
world. No Federally listed endangered or threatened aquatic species live in these three parks, and
wetlands are not an extensive resource in this mountainous area.

The primary purposes of thiswater resources management plan are to: comprehensively describe the
water resources of the three parks, describe in detail the water resource issues facing these three parks;
and formul ate management actions that address those water resource issues.

This plan addresses 11 selected water resource issues. These issues evolved from a Water Resources
Scoping Report published in 1996. Each issue was categorized as high, medium, or low priority at a
scoping meeting attended by interested federal, state, and local government agencies in September,
1997. Minor modifications in the priorities assigned to some issues have changed due to information
that has become available and events that have transpired since the scoping meeting. To address these
issues, a number of recommended actions have been developed. These recommended actions will not
resolve all of the water resource issues for the three parks. However, they describe steps that should be
taken to help resolve these issues. Thisplanisintended asa“living” document. As such, the parks can
make appropriate revisions to the plan as more information becomes available, issues change or arise,
and different or modified actions become necessary.

For the most part, the issues identified in this plan may be considered programmatic. They related to the
need for understanding park water resources, the impacts that various activities have on those resources,
and the role the parks and their water resources play in the region. Addressing these issueswill require
expanding baseline knowledge of park water resources, long-term monitoring of those resources,
developing a greater understanding of land use activities inside and outside of park boundaries, and
interacting with outside entities and individuals. Addressing the issues presented in this plan requires
long-term commitment and support. Expending the effort and funds necessary to accomplish the
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recommended actions will provide the necessary foundation for making well informed, scientifically
based, issue-oriented management decisions.

The four high priority issues are sewage pollution, water-quality data collection and management,
fishery management, and Bti application to remove black flies. The four medium priority issues are
silvicultural activities, agricultural and urban runoff, mineral development, and future development. The
three low priority issues are impoundments, floodplain management, and hazardous waste spills and
waste sites.

Among these issues, water-quality data collection and management is unique, because it isan
operational issue within the parks, rather than aland or water use that causes stress in park stream
ecosystems or to other natural resources. Four recommended actions address thisissue. These are:

Technical Evaluation of Water Quality Monitoring Program

Determine Stream Flow Characteristics of New River Tributary Streams

Develop Long-term Monitoring Program for Gauley River National Recreation Area
Evaluate the Long-term Monitoring Program in New River Gorge National River.

Among the land- and water- use issues, pollution resulting from improper sewage disposal is clearly the
greatest concern. Improper sewage disposal, both within and outside park boundaries, resultsin
bacterial contamination of park waters, and may present a health risk to park users and employees.
Three recommended actions will help managers and scientists understand the human health risks and
effects of bacterial contamination in park waters. These are:

Microbial Reconnaissance of New River Gorge National River
Epidemiological Survey of Recreational Water Usersin the New and Gauley Rivers
Determine Animal Sources of Fecal Bacteriain New River Gorge National River Tributaries.

No action is recommended to remediate improper sewage disposal. Although the need is obvious, there
isno direct way for the National Park Service to directly solve this problem. Indirectly, however, the
National Park Service can act to aleviate thisthreat. Activities such as educational programs and
materials presented at visitor centers and to schools and the media are one way to work toward
eliminating improper sewage disposal. Coordination with other agencies, particularly the West Virginia
Department of Environmental Protection, since it has enforcement authority over water pollution, is
another way. The National Park Service also can seek out, and work with, partners (e.g. National Small
Flows Clearinghouse, Canaan Valley Institute, and local watershed groups) that might be able to obtain
funding for remediation.

With a professional aquatic ecologist and a staff of technicians, the National Park Serviceiswell
equipped to address the fishery management issues. In part due to thisin-house expertise, 10
recommended actions address thisissue. These are:

Historical Fisheries Data Mining

Inventory Fishes of Gauley River National Recreation Area

Inventory Fishes of Bluestone National Scenic River

Monitor Status and Distribution of Fishesin New River Gorge National River
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Determine Impacts of Two Fishery Management Methods on Stream Ecosystems
Determine Diets of Exotic Trout in New River Gorge Tributary Streams
Evaluate Impacts of Exotic Trout on New River Tributary Ecosystems

Inventory Biological Resources of New River Tributaries

Outreach to Anglers on the Effects of Bait-Bucket Fish Introductions

Determine Status and Trends of New River Crayfish Community.

The application of the bacterial insecticide Bti to kill black fliesis an issue aimost as old as New River
Gorge National River. Contention over thisissue led to a court suit, and then to special congressional
action that established the spraying program and the National Park Service'slong-term monitoring of
the impacts of the spraying. One action recommended under the water-quality data collection and
management issue (Evaluate the Long-term Monitoring Program in New River Gorge Nationa River)
also addresses thisissue. One other recommended action specifically addresses baseline information
needed to examine an unexplored potential impact of Bti application. Thisactionis:

Determine Status and Trends of New River Mussel Community.

Two recommended actions specifically address one of the medium priority issues. Several
actions that address water quality data collection and management also address all medium
priority issues viathe monitoring of water quality to address land use impacts. The two
recommended actions that are presented address the issue of mineral development. These are:

Monitor Effectiveness of Wolf Creek AMD Treatment
Determine Partitioning of Polycyclic Aromatic Hydrocarbonsin Streams of the New
River Watershed.

The silvicultural issue was originally prioritized as “high” largely due to concerns about possible
toxic waste discharges from an oriented strand board plant in the Mount Hope area. Thisplantis
recycling wastes instead of discharging them to area streams, so these concerns have alleviated.
Also, the effects of logging are difficult to separate from those of road and other construction
activities, surface mining, and other soil-disturbing activities. This makes designing an effective
program for monitoring only the effects of logging operations problematic. Still, the National
Park Service must remain aert for the effects of logging, and coordinate with appropriate federal
and state agencies for the implementation of best management practices (BMPs) during and after
logging operations.

Four recommended actions address |ow-priority issues. Two address the impacts of
impoundments. These actions also indirectly address the floodplain management issues. These
actions are:
Assess Riparian Conditions in New River Gorge National River, Bluestone National
Scenic River and Gauley River National Recreation Area
Investigate Effects of River Regulation on Rare Plant Communities.

Two issues address the potential impacts of hazardous material spills. These are:
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Determine Travel Time and Dispersion of a Conservative Solute for the Gauley River in
Gauley River National Recreation Area

Determine Wave Propagation for the Gauley River in Gauley River National Recreation
Area

The suite of recommended actions represents the concerns to the National Park Service, park
users, and park neighbors. The recommended action(s) that address each issueis (are)
considered the most reasonable approach at thistime. Thisis based on a host of considerations,
including National Park Service policies, public concerns, scientific evidence, technical advice of
appropriate experts, and funding options.
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The Water Resour ces Management Plan and NEPA

The National Environmental Policy Act (NEPA) mandates that federal agencies prepare a study
of the impacts of major federal actions having a significant effect on the human environment and
alternatives to those actions. The adoption of formal plans may be considered a major federal
action requiring NEPA analysis if such plans contain decisions affecting resource use, examine
options, commit resources or preclude future choices. Lacking these elements, this Water
Resources Management Plan (WRMP) has no measurable impacts on the human environment
and is categorically excluded from further NEPA analysis.

According to Director’s Order (DO) #12 Handbook (section 3.4), water resources management
plans normally will be covered by one or more of the following Categorical Exclusions:

34.B (1)

3.4.B (4)

34.B(7)

3.4E(2)

3.4.E (4)

3.4.E (6)

3.4.E (7)

Changes or amendments to an approved plan when such changes
have no potential for environmental impact.

Plans, including priorities, justifications, and strategies, for non-
mani pul ative research, monitoring, inventorying, and
information gathering.

Adoption or approval of academic or research surveys, studies,
reports and similar documents that do not contain and will not
result in NPS recommendations.

Restoration of non-controversia native species into suitable
habitats within their historic range.

Removal of non-historic materials and structuresin order to
restore natural conditions when the removal has no potential for
environmental impacts, including impacts to cultural landscapes
or archeological resources.

Non-destructive data collection, inventory, study, research, and
monitoring activities.

Designation of environmental study areas and research natural
areas, including those closed temporarily or permanently to the
public, unless the potential for environmental (including
Socioeconomic) impact exists.

These Categorical Exclusions require that formal records be completed (Section 3.2, DO-12
Handbook) and placed in park files. It is the responsibility of the park to complete the
documentation for the applicable Categorical Exclusion(s).
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INTRODUCTION

PARK LOCATIONS

New River Gorge National River (NERI), Gauley River National Recreation Area
(GARI), and Bluestone National Scenic River (BLUE) are located close to each other in
southern West Virginia (Figure 1). The National Park Service (NPS) manages these three
national park system units (parks) under a unified organization from a central
headquarters in Glen Jean. Taken together, these three parks include 94.5 miles of major
rivers and aland area of 86,270 acres.

New River Gorge Nationa River islocated along a 53-mile stretch of the New River
between the towns of Hinton and Fayetteville. The 70,762 acres within the authorized
boundary of New River Gorge Nationa River are located in Summers, Raleigh, and
Fayette counties (National Park Service 1982, 1996a).

Gauley River National Recreation Areaislocated aong a 25.5-mile stretch of the Gauley
River between the towns of Summersville and Gauley Bridge. The park a so includes the
lower 5.5 miles of the Meadow River. The 11,494 acres within the authorized boundary
of Gauley River National Recreation Area are located in Nicholas and Fayette counties
(National Park Service 1996a).

Bluestone National Scenic River includes a 12.5-mile stretch of the Bluestone River.
The 4,310 acres within the authorized boundary of Bluestone National Scenic River are
located in Summers and Mercer counties.

MANAGEMENT AUTHORITY
Specific Laws

New River Gorge National River was authorized by Public Law (PL) 95-625 on
November 10, 1978. This park was established for “the purpose of conserving and
interpreting outstanding natural, scenic, and historic values and objects in an around the
New River Gorge and preserving as a free-flowing stream an important segment of the
New River in West Virginiafor the benefit and enjoyment of present and future
generations...” Thislaw directed the National Park Service to administer, protect, and
develop New River Gorge National River in accordance with the National Park Service
Organic Act (see below).

Several other federal laws directly address New River Gorge National River. Public Law
99-590 authorized acquiring land for park headquarters at Glen Jean. Public Law 100-71
provided for an 8-year black fly control program in the New River watershed. Thislaw
also authorized monitoring to determine the effects of the black fly control program on
the environment and recreation. Public Law 100-534 adjusted park boundaries and
authorized establishing river access facilities and a visitor center. Other, subsequent
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laws have also provided for minor boundary adjustments. Public Law 102-154
authorized improvements to Fayette County Road 25. Public Law 102-381 provided
funds to replace Fayette Station Bridge across New River at the downstream end of the
park. Public Law 102-525 amended the Wild and Scenic Rivers Act (PL 90-542) to
determine the suitability of designating an additional 19.5-mile stretch of New River
south of the present park as part of the park system.

Gauley River National Recreation Areawas established on October 26, 1988 through PL
100-534. This park was established in order to “protect and preserve the scenic,
recreational, geological, and fish and wildlife resources of the Gauley River and its
tributary, the Meadow River...”

Thislaw aso amended the Wild and Scenic Rivers Act (PL 90-542) to designate
Bluestone Nationa Scenic River as one of “thoserivers...free of impoundments with
shorelines or watersheds still largely primitive...undeveloped, but accessible...” The
Wild and Scenic Rivers Act declares that included rivers“...be preserved in free-flowing
condition, and that they and their immediate environments shall be protected for the
benefit and enjoyment of present and future generations.” The Wild and Scenic Rivers
Act also includes a policy “to protect the water quality of such rivers and to fulfill other
vital national conservation purposes.”

Several other laws have directly referred to New River Gorge National River. PL 99-590
authorized land acquisition for a park headquartersin Glen Jean, WV. PL 100-71
authorized the State of West Virginiato conduct an 8-year black fly eradication program
partly within the park boundary. Thislaw also instructed the park to monitor the impact
of the eradication program. PL 102-154 authorized improvements to West Virginia
Route 25 within the park, and PL 102-381 provided funds to replace the Fayette Station
Bridge near the downstream boundary of the park. Also, PL 102-525 amended the Wild
and Scenic Rivers Act to determine the suitability of designating a 19.5-mile reach of the
New River south (upstream) of the existing park as part of the national park system.

General Laws

The National Park Service Organic Act (39 Stat. 535) was signed into law on August 25,
1916. Thisact established the National Park Service, and directed it to “...regulate the
use of federal areas known as nationa parks, monuments, and reservations ... so asto
conform to the(ir) fundamental purpose”. Congress stated the fundamental purpose®“...is
to conserve the scenery and the natural and historical objects and the wildlife therein and
to provide for the enjoyment of the same in such manner and by such means as will leave
them unimpaired for the enjoyment of future generations.” This last statement is often
called the mission of the National Park Service.

The General Authorities Act of 1970 (PL 91-383, 84 Stat. 825) defined the National Park
systemto “... include any area of land and water now or hereafter administered by the
Secretary of the Interior through the National Park Service for park, monument, historic,
parkway, recreational or other purposes.” This act also stated that areas within the



national park system “...though distinct in character, are united through their interrelated
purposes and resources...” and that the National Park system be “...preserved and
managed for the benefit and inspiration of all the people of the United States...”

This act provided for each park to be administered in accordance with the provisions of
any statute made specifically to that area, and that the 1916 Organic Act would also apply
to the extent that it did not conflict with such specific statutes. This act cleared up
confusion about the mission of many parks, especialy newer units with designations such
as Historic Parks, Scenic Rivers, National Recreation Areas, and National Seashores.
Many of these newer parks had enabling legislation permitting activities that were
otherwise incompatible with, or not permitted under, the Organic Act.

The General Authorities Act was amended by the Redwood National Park Expansion Act
of 1978 (PL 95-259, 92 Stat.163). A section of this act reaffirmed the mission of the
National Park Service. Congressthen went further. The Act states“...protection,
management, and administration of these areas shall be conducted in light of the high
public value and integrity of the National Park System and shall not be exercised in
derogation of the values and purposes for which these various areas have been
established, except as may have been or shall be directly and specifically authorized by
Congress.”

OTHER LEGAL AUTHORITIESAND CONSTRAINTS

In addition to their specific enabling legislation, other laws specific to individual parks,
and general legiglation relevant to the National Park Service as awhole, the three parks
are subject to various other legal, regulatory, planning, and management authorities
(Shelton and Fox 1994). Many other federal and state agencies, individuals, commercial
concerns, user groups, and public interest groups have interests in the water and related
resources of these three parks. Protecting these resources in the fulfillment of park-
specific enabling legislation and overall Nationa Park Service policy requires
understanding these various legal, regulatory, and management authorities and
constraints.

Federal Authorities

National Environmental Policy Act (42 U.S.C. 4321-4347)

The National Environmental Policy Act (NEPA) created a national environmental policy
and provided aformal process for integrating environmental valuesinto federal decision-
making. NEPA established the President’ s Council on Environmental Quality (CEQ),
which was charged with devel oping the legal procedures that all federal agencies must
follow in examining the environmental effects of proposed actions.

The procedures developed by CEQ involve three levels of documentation, depending on
the potential impact of proposed actions on the human environment. These levels are



Categorical Exclusion (CE), Environmental Assessment (EA), and Environmental |mpact
Statement (EIS).

For proposed actions not having a significant effect (e.g. addition of new overhead utility
facilities to existing poles), a CE is prepared that documents the facts relevant to such a
decision. If aproposed action is not categorically excluded, an EA is prepared. If the EA
determinesthat all potentially significant environmental effects can be mitigated, and the
proposed action is not likely to generate significant controversy, a Finding of No
Significant Impact (FONSI) can beissued. After the FONSI isissued, the proposed
action may commence. If the effects of the proposed action cannot be mitigated, islikely
to generate significant controversy, or constitutes a major federal action, an EIS must be
prepared. If it isreadily apparent to the responsible agency that an EISisrequired, the
preliminary EA isusually omitted.

Analysisin an EISis usually much more detailed than in an EA. The agency first holds
one or more public scoping sessions where potentially significant issues and aternative
actions are described. The agency then prepares a draft EIS, which evaluates the
potential actions and the significant issues related to those actions. The draft EIS isthen
made available for public review. Comments on the draft EIS from federal, state, local
agencies, and the public must be addressed in thefinal EIS. The conclusion of this
processis the issuance of arecord of decison (ROD). The ROD states the decision made
by the agency, alternatives considered, factors involved in the decision, and any
mitigating measures required. After issuance of the ROD, the proposed action may be
undertaken, unless challenged in court.

Clean Water Act (33 U.S.C. §/s 1251 et seq.)

The purpose of thisact “...isto restore and maintain the chemical, physical, and
biological integrity of the Nation’swaters’. One national goal of this act was the
elimination of pollutant discharge into navigable waters by 1985. An interim goal wasto
attain water quality that provided for the protection and propagation of fish, shellfish, and
wildlife and provided for recreation in and on the water be achieved by July 1, 1983.
Several parts of the Clean Water Act are pertinent to National Park Service management
of the three parks.

States are required to promulgate water quality standards. Each state must review its
standards at |east once every three years. States must list waters where effluent
limitations are not stringent enough to implement any water quality standard. For each
body of water listed, the state must establish total maximum daily loads (TMDLSs) for
applicable pollutants.

This act established the National Pollutant Discharge Elimination System (NPDES). This
system requires every point source discharge of pollutants to streams and riversto
acquire apermit. Amendmentsin 1987 required states to implement programs to regul ate
non-point source pollution, and added stormwater runoff from industrial, municipal, and
construction sites to the NPDES program.



The Clean Water Act also includes a provision from the Water Quality Improvement Act
of 1970. Thisprovision dictates that applicants for afederal license or permit for actions
that will result in adischarge into waters of the United States obtain certification that
such discharge will comply with applicable water quality standards from the state agency
responsible for water pollution control.

Section 404 of the Clean Water Act regulates the discharge of dredged or fill materials
into waters of the United States, including wetlands. The U. S. Army Corps of Engineers
administers activities covered under this part of the Act, with oversight and veto powers
held by the U. S. Environmental Protection Agency.

Safe Drinking Water Act (42 U.S.C. §/s 300f et seq.)

This Act was established to protect the quality of drinking water inthe U.S. Thislaw
focuses on all waters actually or potentially designed for drinking use, whether from
above ground or underground sources.

The Act authorized EPA to establish safe standards of purity and required all owners or
operators of public water systems, including the National Park Service, to comply with
primary (health-related) standards. State governments, which assume this power from
EPA, also encourage attainment of secondary standards (nuisance-related).

Endangered Species Act (7 U.S.C. 136: 16 U.S.C. 460 et seq.)

This 1973 law and its 1978, 1982, and 1988 amendments are a powerful tool for the
preservation and recovery of rare or declining species. Section 3 defines “endangered
species’ as any speciesin danger of extinction, and “threatened species’ as any species
likely to become endangered. Section 7 requires federal agencies to consult with the U.S.
Fish and Wildlife Serviceif their activities may affect a species listed as threatened or
endangered.

Fish and Wildlife Coordination Act (16 U.S.C. 661 et seq.)

The purpose of thisact isto ensure that “... wildlife conservation shall receive equal
consideration and be coordinated with other features of water-resource development
programs.” This act requires federal agenciesto consult with the U.S. Fish and Wildlife
Service (or in some cases the National Marine Fisheries Service), and the parallel state
agencies, if proposed water resource devel opment actions would result in alteration of a
body of water.

Federal Insecticide, Fungicide, and Rodenticide Act (7 U.S.C. s/s 135 et seq.)

This law regulates the use of pesticides. It requires certification for applicators of certain
dangerous pesticides. The law gives EPA the authority to delegate to individual states
the authority to write and enforce more stringent pesticide laws.



Exotic Organisms, Invasive Species (Executive Orders 11987, 13112)

Executive Order (EO) 11987 requires Federal agencies, to the extent permitted by law, to
restrict the introduction of exotic species into the natural ecosystems on lands and waters
owned or leased by the United States. Federal agencies are also required to encourage
States, local governments, and private citizens to prevent the introduction of exotic species
into natural ecosystems of the United States. It also restricts the importation and
introduction of exotic speciesinto any natural U.S. ecosystems as a result of activities that
Federal agencies undertake, fund, or authorize.

Executive Order 13112 is designed to prevent the introduction of invasive species and
provide for their control, as well as to minimize the economic, ecological, and human health
impacts that invasive species cause.

Floodplain Management (EO 11988)

This order requires federal agenciesto “reduce the risk of flood loss, ...minimize the
impacts of floods on human safety, health, and welfare, and...restore and preserve the
natural and beneficial values of floodplains.” It requires federal agencies to implement
floodplain planning and to consider all feasible alternatives which minimize the impacts
of flooding prior to the construction of facilities and structures, which are to be located
outside of the floodplain if at all possible. Construction of park facilities must be
consistent with federal flood insurance and floodplain management programs. Guidance
applicable to the National Park Service for implementing EO 11988 is contained in
National Park Service (1993a).

Protection of Wetlands (EO 11990, Director’s Order No. 77)

This order requires federal agencies to “minimize the destruction, loss or degradation of
wetlands, and preserve and enhance the natural and beneficial values of wetlands.”
Unless no practical alternatives exist, Federal agencies must avoid activities in wetlands
that might adversely affect the ecosystem. Guidance for Director’s Order No. 77, which
superceded Executive Order 11990, is contained in National Park Service Procedural
Manual 77.1: Wetlands Protection (National Park Service 1998b).

American Heritage Rivers Initiative (EOs 13061, 13080, 13093)

Executive Order 13061 (September 11, 1997) established the American Heritage Rivers
Initiative to provide Federal support of community efforts along designated rivers.
Executive Order 13080 (April 7, 1998) established the American Heritage Rivers Initiative
Advisory Committee to review nominations from communities and recommend to the
President riversfor consideration for designation as American Heritage Rivers. Executive
Order 13093 (July 27, 1998) increased the number of rivers that the President could
designate to twenty.



National Park Service Regulations

Each federal agency, under authority established by Congress, establishes regulations for
fulfilling itsmission. For the National Park Service, Management Policies (National Park
Service 2001) provide the basic guidance for managing the National Park System. This
document includes such topics as park planning, land protection, and resource
management. More specific procedures for implementing policy are described in a series
of Director’s Orders (DOs). Director’s Orders most directly pertaining to water resources
include:

DO- 2 the planning process

DO-12 compliance with NEPA

DO-75 natural resources inventory and monitoring
DO -77 management of natural resources

DO-83 public health management

State of West Virginia Statutes and Designations

Many of the West Virginiaregulations pertaining to water resources are listed in Titles 46
and 47. Listed below are Series and Sections of the State regulations, which may be of
interest to the parks. The State codes are not listed because they change annually and are
subject to revision at any time. State water-quality standards, which are divided into
severa categories, are similar but not identical to EPA standards.

Title 46 — Environmental Protection — Environmental Quality Board

Series 1 — Requirements Governing Water Quality Standards
Series 6 — Procedural Regulations for the Revision of Water Quality Standards
Series 12 — Requirements Governing Groundwater Standards

Title 47 — Division of Environmental Protection — Office of Water
Resources

Series 10 — State/National Pollutant Discharge Elimination System Regulations

Series 11 — Specia Regulations (spills, accidental discharges, some water treatment and
waste allocation regulations)

Series 11A —Waste Loads

Series 30 — WV/NPDES Regulations

Series 34 — Dam Safety Regulations

Series 57 — Groundwater Quality Standard Variances

Series 58 — Groundwater Protection Regulations

LANDOWNERSHIP

The National Park Service does not own all of the land within the authorized boundaries
of the three parks. Within New River Gorge National River, the NPS owns 42,967 acres



(61%). The State of West Virginiaowns 3,637 acres (5%) in the form of Babcock State
Park. The remaining 23,862 acres (34%) are privately owned. Within Gauley River
National Recreation Areathe NPS owns 4,020 acres (35%). The U. S. Army Corps of
Engineers owns about 43 acres (less than 1%), with the remaining 7,431 acres (65%)
being privately owned. Within Bluestone National Scenic River the NPS owns 3032
acres (70%), the State of West Virginia owns 1,236 acres (29%) in the form of Pipestem
State Park, and 41 acres (<1%) are in private ownership.

The above figures were accurate as of December 3, 2002. The NPSis authorized to
acquire lands within the authorized boundaries of the three parks. Lands are acquired
only if they meet park purposes and management objectives, and sufficient funding is
provided by Congress. Acquisition occurs by donation (rarely) or purchase on awilling
buyer - willing seller basis (most often). Asaresult of land acquisitions, NPS-owned
acreage within New River Gorge National River and Gauley River National Recreation
Areais steadily increasing. Asof December 6, 2002 the NPS is closing purchases on two
parcelsin New River Gorge National River that total 15.6 acres.

Information on ownership and acreage of in-holdings located within park boundariesis
maintained at the NPS land office in Oak Hill, West Virginia. Most mineral rights are
maintained by prior landowners and are not kept on file in the land office.

LAND COVER AND LAND USE

Information in this section was obtained from West Virginia Division of Environmental
Protection (WV DEP) online databases (West Virginia Division of Environmental
Protection 1999a). These databases are catalogued by hierarchical Hydrologic Unit codes
developed by the U. S. Geological Survey (USGS) (Seaber et al. 1987). These codes are
noted in parentheses following the name of the watershed in the following discussion.
Land use of private property within the boundaries of the three parks has not been
categorized.

New River Gorge National River liesin the Lower New River Watershed (05050004).
This watershed is divided into 10 sub-watersheds (Figure 2, Table 1). Predominant land
cover isforest. Deciduous forest comprises from 55.77 to 84.96% of the ten sub-
watersheds. Mixed (3.50 to 15.33%) and conifer (0.20 to 6.75%) forests are also
common. The most developed sub-watersheds are Piney Creek (city of Beckley; 7.94%)
and Dunloup Creek (city of Mount Hope; 2.51%). Developed lands are less than 2% of
the other sub-watersheds. Farmland (including hay, pasture, grasslands, and croplands)
comprises less than 10 percent of all sub-watersheds except Upper Meadow Creek
(21.23%), Piney Creek (15.33%), and Glade Creek (12.49%). Wetlands, mainly riverine,
range from 0.28 to 2.44% of each sub-watershed.

There are 94 surface and 59 underground mining permits in the Lower New River
Watershed. The Piney Creek sub-watershed has the greatest numbers of both surface
(27), and underground (30), permits.
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Gauley River National Recreation Arealiesin the Gauley River Watershed (05050005).
Thiswatershed is subdivided into 15 sub-watersheds (Figure 3, Table 2). Predominant
land cover in the watershed is deciduous forest, ranging from 45.40 to 78.65% of each
sub-watershed. Mixed and conifer forests range from 3.40 to 28.08% and 0.36 to
25.67%, respectively, of each sub-watershed. Developed lands are less than 2% of each
sub-watershed. Farmlands comprise 0.65 to 18.03%, and wetlands comprise 0.10 to
4.55% of each sub-watershed.

There are 299 surface and 222 underground mining permitsin Gauley River Watershed.
The largest numbers (56 surface, 28 underground) are upstream of Summersville Damin
the Muddlety Creek sub-watershed. For sub-watersheds that flow directly into the park,
Upper Meadow River has 47 surface and 35 underground permits, and Peters Creek has
35 surface and 28 underground permits.

Bluestone National Scenic River isin the Upper New River Watershed (05050002). This
watershed is divided into 13 sub-watersheds (Figure 4, Table 3). Deciduous forests range
from 26.75 to 80.01% of each sub-watershed. Mixed and conifer forests range from
4.855 to 17.84% and 0.37 to 11.00%, respectively, of each sub-watershed. Developed
lands are less than 4% of each sub-watershed, except Dave' s Fork and Christian Fork
(16.48%) and Brush Creek (8.60%). Farmlands comprise 9.06 to 42.83%, and wetlands
comprise 0.05 to 3.64%, of each sub-watershed.

There are seven surface and eight underground mining permits in the Bluestone River
watershed. Six of these are located in the Middle Bluestone and Lower Bluestone River
sub-watersheds. Appreciable coa mining occurs in the upper Bluestone watershed in
Virginia.

As noted above, most land in and adjacent to the parksis forested. Most timber in these
forestsis considered harvestable. Active logging occurs near, and adjacent to, the parks.

Coa mining has been amajor land use in West Virginiafor many years (West Virginia
Geological and Economic Survey 1999a). By 1840 statewide coal production had
reached 300,000 tons. Peak years were 1927 (over 146 million tons) and 1947 (over 173
million tons). By 1880 extensive mining occurred in Fayette County. In 1914 large-scale
surface mining commenced. By 1936 mechanization (shuttle cars, conveyor belts, and
long trains) spread rapidly through the coalfields. Development of huge shovels and
draglines has facilitated surface mining in recent years.

Coal is mined in watersheds draining to all three parks. Surface and underground mining
of coal hasimpacted, and could further impact, each park. Surface mining of coal by the
mountaintop removal/valley fill method in Nicholas County could impact water quality
and degrade scenic beauty in and near Gauley River National Recreation Area. Mining
in areas projected for mountaintop removal (Figure 5) would probably have little or no
impact on New River Gorge National River, and no impact on Bluestone National Scenic
River, due to the distance of these parks from projected mining areas. Some mountaintop
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remova mining has occurred outside the projected area. Expansion of this trend might
impact New River Gorge National River and Bluestone National Scenic River.

Coal production in Fayette County (NERI, GARI) increased from 1.2 million tonsin
1987 to 4.1 million tons in 1996, with a peak of 5.4 million tonsin 1994. Most of this
production was from surface mines. Production in Mercer County (BLUE) between 1991
and 1994 was about 300,000 tons, al of which came from surface mines. Production in
Nicholas County (GARI) between 1986 and 1996 peaked at 9.3 million tonsin 1988,
dropping to 2.7 million tonsin 1996. Surface mining accounted for most of this
production except in 1986 and 1996. Production in Raleigh County (NERI) increased
from 7.2 million tonsin 1986 to 13.6 million tonsin 1996. About 90 percent of this
production came from underground mines. Production in Summers County (NERI,
BLUE) was less than 3,900 tonsin 1986 and about 145,000 tonsin 1994. All of this
came from surface mines.

Oil and gas extraction is another important land use in West Virginia (West Virginia
Geological and Economic Survey 1999c). Inthe early 1800’ s salt manufacturers
encountered oil and gas while drilling for salt. At the time they were considered
nuisances because they had no value. Salt manufacturers diverted so much oil to the
Kanawha River that it was known as “Old Greasy” to boatmen. In 1859 a salt well near
Burning Springs struck oil and produced 200 barrels per day when deepened. A second,
nearby well yielded 1,200 barrels per day. Thus began the oil and gas industry in West
Virginia.

Burning Springs was one of only two oil fields present in America before the Civil War.
Development of deeper drilling techniques, well pump mechanization, and the theory of
anticlinal accumulation of oil and gas led to expansion of oil production in West Virginia.
Oil production peaked in 1900 at 16 million barrels. While oil production declined after
1900, gas production increased. West Virginialed the nation in gas production from
1906 to 1917. Gas production declined from 1917 to 1934, then increased again until
1970.

Production of oil and natural gas between 1979 and 1999 for the five counties in which
the parks are located is negligible (West Virginia Geological and Economic Survey
1999d). In Fayette County (NERI, GARI) annual natural gas production in thousands of
cubic feet (Mcf) ranged from a minimum of 2.5 million in 1989 to a maximum of 5.9
million in 1981, with roughly 4.0 million produced each year between 1990 and 1999.
The number of producing wellsincreased from 119 in 1979 to 611 in 1999. Natural gas
production in Nicholas County (GARI) varied from 1.8 million in 1985 to 5.3 million in
1981, with 2.1 million produced in 1999. The number of producing wells increased from
102in 1979 to 383in 1999. Natural gas production in Raleigh County (NERI) varied
from 2.1 million in 1979 to 5.2 million in 1988, with 4.3 million produced in 1999.
Natural gas production in Mercer County (BLUE) varied from about 191,000 in 1979 to
1.3 million in 1993, with about 1.2 million produced in 1999. The number of producing
wellsincreased from 15in 1979 to 135in 1999. Only two wellsin Summers County
(NERI, BLUE) produced gas and only in 1999. Tota volume produced was 16,326 Mcf.
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VISITATION

Annual visitation to New River Gorge National River grew from alittle over 230,000 in
1985 to over 1,230,000 in 2000. Peak visitation occursin July. Most visitors stop at the
Canyon Rim Visitor Center. Each year between 1994 and 2001 approximately 150,000
visitors took commercially operated white water trips through New River Gorge. Based
on data from Gauley River National Recreation Area (see below), an additional 10%, or
15,000 private boaters descended New River Gorge. Statistics are not available on
angling use within New River Gorge National River.

Annual visitation to Gauley River National Recreation Area between 1993 and 2000
averaged almost 230,000. Peak visitation occurs in September and October during
Gauley Season. Each year between 1994 and 2001 approximately 61,500 people took
commercia white water trips down the Gauley River within Gauley River National
Recreation Area. Approximately 64% (39,000+) of these trips originate at the
Summersville Dam tailwaters (upper Gauley), with the remainder putting on at Mason
Branch (lower Gauley). Based on datafrom 1984 through 1992, private boaters putting
on the Gauley River at the tailwaters each year averaged about 10% of commercial
boaters. At recent visitation rates, this amounts to about 4,000 private boaters. No
statistics are available on angling use within Gauley River National Recreation Area.

Annual visitation to Bluestone National Scenic River between 1993 and 2000 averaged a
little over 60,000. Peak use occursin July. Commercial river outfitters generally do not

operate in Bluestone National Scenic River due to the shallow nature of Bluestone River.
Statistics are not available on angling use within Bluestone National Scenic River.

PURPOSE OF THE WATER RESOURCES MANAGEMENT PLAN

Enabling legidiation of the three parks requires the National Park Service to conserve and
interpret natural, scenic, and historic valuesin and around the river corridors and to
maintain the rivers as free-flowing streams. At the same time, the National Park Service
must facilitate public use, both now and in the future. To achieve these goals, National
Park Service policy requires each park to develop and implement a general management
plan (GMP). A GMP for New River Gorge National River was completed in 1982
(National Park Service 1982). This GMP is scheduled for an update in 2004. A resource
management plan (RMP) that addressed issues for all three parks was prepared in 1994
(National Park Service 19944). The RMP is updated annually.

Any park with significant water resources, or where water resource issues are complex,
numerous, or controversial, should consider the development of awater resource
management plan (WRMP). A WRMP identifies and analyzes water-related issues and
describes actions to address these issues. A Water Resources Scoping Report (National
Park Service 1996a) evaluated the water resources issues facing the three parks, and
recommended development of a comprehensive WRMP to address these issues. This
WRMP satisfies the 1996 recommendation by describing water-resource issues which
may threaten natural, scenic, and historic values in and around the New, Gauley, and
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Bluestonerivers, and by providing management actions to address these issues. This
plan is designed to guide water-related activities in the three parks for the next 5-10
years.

WATER RESOURCE MANAGEMENT OBJECTIVES

Original objectives for this WRMP were first identified in the Water Resources Scoping
Report (National Park Service 1996a). After meeting with interested federal, state, and
local agencies, groups, and organizations in November of 1998, theinitial objectives
were somewhat modified. Thismodified list of 15 objectives for the WRMP is presented
below. The goal of these objectivesisto provide effective management of the extensive
water-related resources of the three parks, and to preserve significant ecosystem functions
and values.

1. Manage park water resources and activities which may influence or be dependent
upon water resources, in accordance with the National Park Service Organic Act, the
Redwood Park Expansion Act, enabling legislation for each park, other pertinent
legidlation, applicable executive orders, National Park Service management policies,
and other appropriate regulations.

2. Manage park waters and water dependent environments to maintain the highest
degree of biological diversity and ecosystem integrity consistent with the natural
potential water quality and biotic potential for these waters.

3. To the extent possible given existing dams and diversions, maintain natural stream
flow regimes and stream geomorphic characteristicsin park waters.

4. Assurethat park development and operations do not adversely affect the park’s water
resources and water dependent environments.

5. Promote public awareness and understanding of current and potential human impacts
upon water resources, the natural hydrologic cycle, the importance and significance
of natural aquatic ecosystems, and the National Park Service role in protecting water
resources in the three parks.

6. Contribute to the scientific base for water and aquatic resources through appropriate
research, inventory, and monitoring. Use sound science in the management of these
resources.

7. Striveto seek and maintain the highest possible level of protection under state and
federal water quality standards for park waters.

8. Protect National Park Service water and water related resources from the adverse
impacts of channel disturbance activities. Specifically, protest all applications for
Clean Water Act section 404 permits within park boundaries, as well as those outside
park boundaries which have the potential to adversely affect park resources.
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10.

11.

12.

13.

14.

Acquire sufficient knowledge about water quality, both in general terms and as it
specifically relates to water resources relevant to the three parks, to effectively
participate in state and local water resource management planning.

Evaluate the status of current knowledge regarding water resources relevant to the
three parks. Where gaps are identified, acquire appropriate baseline information to
adequately understand and manage water resources and meet National Park Service
inventory and monitoring requirements.

Minimize the risks of injury and property damage resulting from floods, putting
particular reliance on National Park Service Floodplain Management Guidelines.
Specifically, ensure that National Park Service facilities are not located in flood
hazard areas.

Develop and implement cooperative management efforts to protect rare species,
particularly those listed as threatened or endangered under the Endangered Species
Act, which depend upon park resources.

Detect and evaluate externa influences that may impact National Park Service water

resources and water related attributes.

Delineate riparian wetlands, and monitor and manage these resources in a manner that

will maximize their biological integrity and enhance critical habitat for fish and
wildlife.

15. Ensure that permitted oil and gas operations are accomplished with minimal impact to

both surface and underground water resources.

OTHER PLANNING EFFORTS

A number of federal, state, regional, local, and private agencies and groups are involved
in planning activities that are relevant to management of water and related resources in

the three parks. This section describes those planning activities, and relates them to water
resource issues of the three parks.

On July 27, 1998, the New River was designated as one of the first 14 American Heritage
Rivers (AHR). Thisdesignation includes al of the New River, including tributaries, and

its watershed, from the headwaters to the mouth. Thisareaincludes all of the 21 counties
through which the New River passes. The AHR program streamlines access to federal
resources for community-based programs and projects in watersheds of designated rivers.
These programs and projects may fall under any of four areas. economic revitalization,
natural resource protection, historic and cultural preservation, and education and training.
New River Community Partners (NRCP) was created as a non-profit organization to
coordinate AHR effortsin the New River. A federal employee serves as River Navigator.
This person serves as a liaison to federal agencies, helping the partners identify funding
opportunities, connect with federal programs, and obtain information and resources. At
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present the Navigator is Ben Borda of the U.S. Army Corps of Engineers (COE),
Huntington, WV, District. Interested parties gathered in 1998 and 1999 to put together a
work plan (New River Community Partners 1999) of potential projects within the New
River watershed. Several NERI employees participated in this process, and continue to
participate in AHR activities.

In 1999, severa federal agencies signed a Memorandum of Understanding (MOU) to
collaborate on resolving complex environmental issues in the Mid-Atlantic region.
Collectively, these agencies are known as the Mid-Atlantic Federal Partnersfor the
Environment (“Federal Agencies Committed to Conserving, Managing and Protecting the
Region’s Natural Resources’). This MOU replaced an earlier MOU (“The Highlands
Accord”) that expired on September 30, 1999. Department of the Interior agencies
signing the MOU were National Park Service, USGS, Fish and Wildlife Service (FWYS),
Bureau of Land Management (BLM), and Office of Surface Mining (OSM). Other
signatories included Environmental Protection Agency (EPA), Forest Service (FS) and
Natural Resources Conservation Service (NRCS) in the Department of Agriculture, COE
(Department of Army), and National Marine Fisheries Service (NMFS) (Department of
Commerce). Agencies signing the MOU will work together and with the states, tribes,
local governments, and other parties toward a more integrated and comprehensive
approach to the management, conservation, restoration and protection of natural
resources in the Mid-Atlantic States. Signing agencies agreed to cooperate in
environmental endeavors on avolunteer basis, and to meet twice a year to review and
discuss cooperative programs. Currently, meetings are held four timesayear. The
Regional Director of the Northeast Region represents the NPS at these meetings.

The National Water Quality Assessment (NAWQA) Program of the USGS began in 1991
(Cohen et al. 1988, Hirsch et al. 1988, Leahy et al. 1990, National Research Council
1990, Alley and Cohen 1991, Gilliom et al. 1995). The three major goals of this program
areto (1) document the quality of alarge, representative part of the Nation’s water
resources, (2) define water quality trends, and (3) identify major factors that affect water
quality. This program emphasizes data collection across media to assemble multiple
lines of evidence to support the three major goals. In addressing these goals, the program
produces water quality information useful to National, State, and local policymakers and
water managers.

The Kanawha-New River Basin study unit was one of the hydrologic systems that formed
the building blocks of NAWQA. Assessment activitiesin this study unit began in 1994,
with high-intensity data collection occurring during 1996-98. Data were published
annually (Ward et al. 1997, 1998, 1999). Severa interpretive reports have resulted from
thiswork (Messinger 1997, Messinger and Hughes 2000, Kozar et al. 2000, Paybins et
al. 2000, Chambers and Messinger 2001, and Messinger and Chambers 2001). Dueto
changes in program priorities, USGS decided not to fund the Kanawha-New River Basin
study unit after FY 2001. One additional report, comparing certain findings from this
study unit with those of the Allegheny-Monongahela River Basin study unit, may be
published later, while areport analyzing overall stream water chemistry in the Kanawha-
New River Basin unit has been dropped (Doug Chambers, U.S. Geological Survey,
personal communication 2002).
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The Appalachian Clean Streams Initiative is administered by the Office of Surface
Mining, Reclamation and Enforcement (OSM) of the U. S. Department of the Interior.
The Initiative began in 1994 as a broad-based program to eliminate acid drainage from
abandoned coalmines. Using a combination of private and governmental resources, this
program facilitates and coordinates citizen groups, university researchers, the coal
industry, corporations, the environmental community, and local, state, and federal
government agencies that are involved in cleaning up streams polluted by acid mine
drainage (< http://www.osmre.gov/acshome.htm >). The coalfields in and adjacent to the three
parks typically contain low sulfur coal that does not produce acid drainage. Acid
drainage has been noted in the Wolf Creek watershed that istributary to New River. This
acid drainage originates from apile of coal waste (gob) that was imported from one or
more other watersheds.

Water resources management within the state of West Virginia generally falls under the
domain of the WV DEP. Among the programs administered by agency, many are
relevant to the three parks. These programs revolve around the issues of watershed
management and water quality. Much of the information that follows was obtained from
the agency’ sweb site (< http://www.dep.state.usiwr >), with additional clarification from WV
DEP staff members Jessica Welsh and Janice Smithson.

The Watershed Management Framework program is West Virginia s comprehensive
approach to managing the state’ s waters and their surrounding ecosystem (West Virginia
Watershed Management Workgroup 1998). This program provides a coordinated manner
for government agencies, interested parties, and citizens to help identify streams that need
restoration, protection, or enhancement.

Watersheds were divided into five groups, with each group undergoing a 5-year
management cycle. Thiscycleis scoping and screening activities the first year, strategic
monitoring and assessment the second year, management strategy devel opment the third
year, development of priority watershed management plans the fourth year, and
implementation of point and non-point source activities the fifth year. Thefirst cycle of
this process was completed in 2000, and the second cycle is now underway. Watersheds
of interest to the three parks (with their first year in the cycle) include Gauley River
(1998) and Upper New River, Lower New River, and Greenbrier River (1999).

A similar program is Watershed Assessment. Also operating on a 5-year cycle, this
program collects and interprets water quality and biological information. Information
gained from this program is used to determine the quality of streamsin West Virginia
Streams that do not meet water quality standards for designated uses are placed on the
state’s list of impaired streams. Thislist is often called the 303(d).

Section 303(d) of the Clean Water Act requires states to develop lists of waters that are
quality-limited or fail to meet State water quality standards. These lists are updated every
2 years. West Virginia's 303(d) list is divided into four themes: Primary Waterbody List;
Waterbodies Impaired by Mine Drainage; Waterbodies with Biological Impairment; and
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Waterbodies Impaired by Acid Rain (West Virginia Division of Environmental
Protection 1999b).

West Virginia's 303(d) lists include waters within or near the three parks (West Virginia
Division of Environmental Protection 1999b). On the Primary Waterbody List are
Gauley River from Summersville Dam to the mouth (GARI) and Dunloup Creek from
headwaters to Glen Jean (above NERI). Zinc and lead affects aquatic life in Gauley
River. Aluminum affects aquatic life in Dunloup Creek. Total Maximum Daily Load
(TMDL) priorities are medium and high, respectively, for these two streams. Listed as
impaired by mine drainage are 19 streamsin the Gauley River watershed, 7 streamsin the
Lower New River watershed, and 1 stream in the Upper New River watershed. Among
these streams are Peters Creek (GARI), Arbuckle Creek, and tributaries to Dunloup
Creek and Piney Creek (NERI). Listed asimpaired by acid rain are 18 streamsin the
Gauley River watershed and one drainage tributary to Manns Creek (NERI). No streams
in the vicinity of the parks are listed as biologically impaired.

States are required to develop TMDLs for waters on 303(d) lists. This process identifies
sources and amounts of pollution, determines pollutant-loading capacities of waters, and
allocates pollutant loadings to achieve water quality standards. The TMDL program
provides a method for allocating loadings among both point and nonpoint sources. Until
just recently, West Virginia' s program only dealt with point source pollution. Creation of
TMDLs allows states to effectively evaluate applications for National Pollutant
Discharge Elimination System (NPDES) permits.

The TMDL development process involves five steps: 1) selecting a pollutant; 2)
estimating the assimilative capacity of the waterbody; 3) estimating pollutant loadings
from all sources; 4) using computer modeling with predictive analyses to determine
allowable pollution loading; and 5) allocating allowable pollution to achieve water
quality standards.

The West Virginia Watershed Network is an informal association of agencies and
organizations that collaborate to support efforts and provide resources so local residents
can successfully manage water resources. Organizations participating in the network
include NPS, EPA, OSM, WVDEP, NRCS, the Canaan Valley Institute, the River
Network, and the West Virginia Rivers Coalition. Thisinformal group publishesa
newsletter (“Water Net”) that includes activities of watershed organizations.

The Plateau Action Network (PAN) was organized as a non-profit group in 1997. PAN is
dedicated to responsible economic development and sustainable environmental
management. PAN isinvolved in the American Heritage Rivers Initiative process.
Although concerns about a proposed power line across the Meadow River motivated
formation of PAN, the group isinterested in awide variety of issues.

One such issueis pollution of Wolf Creek (NERI). This pollution is caused by leaching
of the Summerlee Refuse Area, a pile of imported gob at the head of the Wolf Creek
watershed. Thisgob isacidic, and drainage from the site introduces significant amounts
of acid and metalsinto Wolf Creek. At onetime, Wolf Creek was the water supply for
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the town of Fayetteville. The WV DEP, through its Office of Abandoned Mine Lands
and Reclamation (AMLR) reclaimed the Summerlee Refuse Areain 1996. Water quality
below the refuse area was monitored by AMLR until 1998, when acid levels had dropped
significantly enough to claim that reclamation was a success.

However, highly acidic water still drained from the site. At the recommendation of WV
DEP, PAN initiated bimonthly water quality monitoring in the Wolf Creek watershed
(Williams 1999). In 1999 OSM funded a student intern, working under the direction of
PAN, to further evaluate water quality in Wolf Creek. This study documented continued
acid drainage from the reclaimed gob pile, deposition of metals in wetlands downstream
of the refuse area, and high concentrations of fecal coliform bacteria at two sampling
sites on Wolf Creek (Myers 1999).

In 2001 afinal settlement was reached with the former owner of the Summerlee Refuse
Area. This settlement allocated $375,000 to Fayetteville as compensation for loss of its
water supply. Another $375,000 was allocated to more effectively reclaim the gob pile
and restore the ecological integrity of Wolf Creek. The WV DEP and PAN are co-
trustees of these latter funds.

The Fayette County Water Resources Committee prepared a water resources plan for
Fayette County describing existing public water supply systems. This plan described raw
water treatment, quality, transmission, distribution, and storage and wastewater treatment.
The plan was prepared in anticipation of the proposed construction of a Fayette Plateau
Regional Water System by West Virginia American Water Company (Fayette County
Water Resources Committee et al. 1997).

Other groups concerned with the water resources in or near the three parks include
Midland Trail Association, Dunloup Creek Watershed Association, Greenbrier River
Watershed Association (< http://www.inetone.net/greenbrier-river-watershed >), Bluestone River
Conservancy, and the West Virginia Rivers Coalition (< http://www.wvrivers.org >).
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DESCRIPTION OF THE
HYDROLOGICAL ENVIRONMENT

PHYSIOGRAPHY

New River Gorge Nationa River, Gauley River National Recreation Area, and Bluestone
National Scenic River are all located entirely within the Appalachian Plateaus
Physiographic Province (Fenneman 1938). Rock unitsin this province are essentially flat
lying or gently folded. Stream drainage patterns in the Appalachian Plateaus are
normally dendritic (tree-shaped). Stream valleys dissect the plateaus to form the physical
relief.

In the vicinity of the three parks, streams draining the Appalachian Plateau Province have
eroded the rocks to form steep hills and deeply incised valleys. Cross sections of gorges
in the three parks were evaluated using U.S. Geological Survey 1:24,000 topographic
maps. The New River Gorge, based on seven cross-sections, averages 1.3 miles wide,
over 1200 feet deep, and has average valley wall slopes of about 42 percent. The Gauley
River Gorge at four cross sections averages about 0.7 mile wide, about 580 feet deep, and
has average valley wall slopes of about 36 percent. The Bluestone River Gorge at three
cross sections averages about 0.9 mile wide, about 760 feet deep, and has average valley
wall slopes of about 38 percent.

GEOLOGY

All mgjor rock unitsin the three parks are of sedimentary origin and of Pennsylvanian (at
least 280 million years old) or Mississippian (up to 345 million years old) age. Major
rock units of New River Gorge National River are the Pottsville Group (Pennsylvanian)
and the Mauch Chunk Group (Mississippian). The Pottsville Group is the maor rock
unit of Gauley River National Recreation Area. The Mauch Chunk Group is the major
rock unit of Bluestone National Scenic River.

In the New River Gorge area the Pottsville Group consists of the Kanawha, New River,
and Pocahontas Formations (Figure 6). The Kanawha Formation is the youngest, and
consists of 50 percent sandstone with some shale, siltstone, and coal. It isfound
primarily on hilltops and hillsides in the downstream end of the gorge. The New River
Formation underlies the Kanawha Formation, and consists of predominantly sandstone
with some shale, siltstone, and coal. It isfound in the bottom of the gorge at the
downstream end of the park, and on most hillsides and hilltops in the middle section of
the gorge. The Pocahontas Formation underlies the New River Formation, and consists of
50 percent sandstone with some shale, siltstone, and coal. It isfound in the bottom of the
gorge in the middle section of the park, and on hillsides further upstream.

In New River Gorge National River the Mauch Chunk Group consists of the Bluestone,
Princeton, and Hinton Formations (Figure 6). On different geologic maps these
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Base from Cardwell and others, 1968, Surficial geology of West Virginia, 1:250,000

Figure 6. Geologic formations exposed on the surface near Bluestone National Scenic
River, New River Gorge National River, and Gauley River Natinal Recration Area.
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formations may be mapped separately, partly lumped together, or all lumped into the
Mauch Chunk. These three formations all consist of red, green, and medium gray shale
and sandstone, with a few limestone deposits. The Bluestone and Princeton formations
that are mapped together are found along hillsides in the middle section of the gorge, and
on some hilltops and higher elevations at the upper end of the gorge. The Hinton
Formation is found in the bottom of the gorge at the upper end of the park, and also on
hillsides and hilltops in the upper end of the basin (Ferrell 1984).

Several major geologic structures are found in the New River Gorge area. The axes of N-
Strending Mann Mountain Anticline and the NE-SW trending Lawton Syncline touch the
northeastern park boundary near the middle section of the gorge. The NE-SW trending
Springdale Syncline and a parallel anticline cross the New River in the upper end of the
gorge (Ferrell 1984).

In Gauley River National Recreation Area the Pottsville Group consists of the Kanawha
and New River formations. The New River Formation is found in the bottom of the
Gauley River gorge and at lower elevationsin the park. The Kanawha Formation is
found on hilltops and at higher elevationsin the park. The Mann Mountain Anticline
crosses the Gauley River at the western end of the park, and the N-S trending Enon
Anticline touches the northern park boundary near the confluence of the Gauley and
Meadow Rivers (McAuley 1985).

In Bluestone National Scenic River the Mauch Chunk Group consists of the Bluestone,
Princeton, and Hinton formations. The Bluestone and Princeton formations are found in
the valley floor and hillsides of the park, and the Hinton Formation is found at the highest
elevations. The NE-SW trending Bellepoint Syncline runs parallel to and along the park,
and the NE-SW trending Dunn Anticline lies just to the northwest of the Bluestone River
and crosses the Little Bluestone River (Shultz 1984).

SOILS

Soil surveys have been completed for Fayette and Raleigh counties (Gorman and Espy
1975) and Mercer and Summers counties (Sponaugle et al. 1984). Pauley and Pauley (no
date) described soils near Gauley River National Recreation Area based on Gorman and
Espy (1975). An updated soil survey is currently being performed for Fayette and
Raleigh Counties (Tony Jenkins, Natural Resource Conservation Service, personal
communication 2001).

Ehlke et al. (1982, 1983) summarized the above soil surveys that include the three parks.
Soils place New River Gorge National River (Dekab-Rock outcrop) and Gauley River
National Recreation Area (Dekalb-Gilpin-Enist and the Gilpin-Ernest-Buckhanon) in the
Eastern Allegheny Plateau and Mountains Land Resource Area (Austin 1965, U. S.
Department of Agriculture 1981). Soilsin Bluestone National Scenic River (Gilpin-
Dekalb) place it in the Southern Appalachian Ridges and Valleys Land Resource Area.

Based on existing published information, moderately deep silt loams or sandy |loams
dominate the valley bottoms and lower slopesin the three parks. These soils are well
drained and very stony. Most of the soilslie on very steep (40 to 70%) slopes and are of
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low to moderate fertility. Derived from shale and sandstone, they are well suited for tree
growth, but have severe erosion potential when destabilized. The upper slopes, ridge
tops, and tributaries contain sandstone outcrops and broken cliffs that are from 1 foot to
over 100 feet high. Brown sandy loams are also found on the ridge tops. The updated
soil survey of these areas is expected to provide more details about these forested
landscapes than was included in the older, more agronomic-oriented publications. This
information is expected to be avail able between 2005 and 2007 (Tony Jenkins, Natural
Resources Conservation Service, personal communication 2001).

VEGETATION

V egetation in the three parks consists of dense growths of mostly deciduous trees and
shrubs typical of the central hardwood forest (Strausbaugh and Core 1978). Specific
community types commonly found in this region of the central hardwoods include the
oak-hickory forest (Kingsley 1985) and the mixed mesophytic cove forest (Strausbaugh
and Core 1978).

Steep cliffs and rock faces exposed along valley slopes of the New and Gauley Rivers
contain remnant stands of old-growth trees. Massive flat lying sandstone exposed in the
bottom of New River Gorge contains a unique habitat, the Appalachian River Flatrock
communities. This habitat includes alarge number of rare plant species (Rouse and
McDonald 1986).

Common trees include red and white oaks (Quercus rubra and Q. alba), basswood (Tilia
americana), tulip poplar (Liriodendron tulipifera), sugar maple (Acer saccharum),
buckeye (Aesculus glabra), beech (Fagus grandifolia), hickories (Carya spp.), and
hemlock (Tsuga canadensis). Drier sites and recently disturbed areas contain Virginia
(scrub) and shortleaf pines (Pinus virginiana and P. echinata). River edges support box
elder (Acer negundo), red and silver maples (Acer rubrumand A. saccharinum), and
sycamore (Platanus occidentalis). Less common species include white ash (Fraxinus
americana), cucumber magnolia (Magnolia acuminata), and sour gum (Nyssa sylvatica).
Low trees and shrubs include dogwood (Cornus florida), redbud (Cercis canadensis),
witch hazel (Hamamelis virginiana), magnolia (Magnolia fraseri), persimmon
(Diospyros virginiana), and rhododendron (Rhododendron maximum).

CLIMATE

The climate of southern and central West Virginiais primarily continental with mild
summers and cold winters. Major weather systems generally approach from the west and
southwest, although cold, dry polar continental air masses approach from the north and
northwest. The major source of moisture for the region is the Gulf of Mexico. Land-
recycled moisture from evaporation from local land and water surfaces also affects the
region.

Statewide annual precipitation for West Virginia averages 42 inches, with about 60
percent received from March through August. July is the wettest month, and the
September through November peiord isthe driest. Average annual precipitation for the
Kanawha-New River Basin is43.5 inches. Precipitation and temperature vary with
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elevation. Ridge tops and higher mountains have higher annual precipitation amounts
and colder annual temperatures. The New, Gauley, and Bluestone river valleys receive
less precipitation than the surrounding ridges. The greatest precipitation occurs near the
eastern boundaries of the watersheds feeding theserivers.

Within the Kanawha-New River watershed, about 20.5 inches of the precipitation
becomes runoff. Approximately 55 percent of this runoff occurs through ground-water
discharge. The remaining 23 inches of precipitation is an estimate of evapotranspiration
(Eychaner 1994).

More localized precipitation data is available for several sites near the three parks. These
sites include Athens (Concord College), Beckley (National Weather Service Office,
Veteran's Administration (VA) Hospital), Bluefield, Bluestone Lake, Flat Top, Hico,
Oak Hill, Princeton, and Summersville Dam. Length of precipitation records at these
sites range from 34 years (Summersville Dam) to 122 years (Beckley VA Hospital).
Annual precipitation at these sites ranges from 36.1 inches at Bluestone Lake to 45.3
inches at Oak Hill (Ken Batty, National Weather Service, personal communication 1998).
Precipitation data have also been collected at park headquarters in Glen Jean since 1993.
Data are incomplete at this site for years prior to 1999.

Seven of the above sites are located at €l evations greater than 2000 feet, with Flat Top
located at 3335 feet. Thus, these sites are not representative of annual precipitation
amounts along therivers. The Bluestone Lake site, at 1390 feet, is more representative of
annual precipitation along the New River. A rain shadow exists along the bottoms of
Bluestone and New River Gorges. Annual precipitation in the gorgesis probably less
than 40 inches per year, while annual precipitation on surrounding ridges exceeds 40
inches per year. This orographic effect of topography on precipitation makes annual
precipitation amounts highly variable within the region. Regional maps of annual
precipitation are not available for this area.

All of the above sites except Glen Jean and Princeton have temperature records. Length
of records ranges from 10 years (Hico) to 122 years (Beckley VA Hospital). Annual
mean temperature varies from 47.9 F at Flat Top to 52.7 F at Bluestone Lake (Ken Batty,
personal communication 1998).

Flooding on the New and Gauley Riversis somewhat controlled due to streamflow
regulation by Bluestone and Claytor Reservoirs. Unregulated streams, including the
Greenbrier, Bluestone and Meadow Rivers, and the smaller tributaries to the New and
Gauley Rivers, are more susceptible to flooding.

Climatic eventsthat result in regional flooding are frontal systemsin winter and early
spring, rainfall on existing or melting snowpack in winter and early spring, and tropical
cyclones (hurricanes and tropical storms) in late summer or early fall. Intense
thunderstorms from late spring through the summer months can cause localized flooding
on tributaries.

Precipitation quality has been monitored weekly by U.S. Geologic Survey at a National
Atmospheric Deposition Program site on top of aridge at Babcock State Park.
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Precipitation pH at the siteistypically lessthan 4.5. Thisisat least ten times more acidic
than normal precipitation (pH of about 5.6). Low pH can impact vegetation, wetlands,
lakes, and streams that are not well buffered. Major ionic constituents measured include
sulfates and nitrates. These form mild sulfuric and nitric acids in the atmosphere.

ANTHROPOGENIC INFLUENCES

A number of human activities have in the past, do presently, or have the potentia in the
future, to influence negatively waters of the three parks. Magjor among these influences
are human waste, impacts from resource extraction activities, development, toxic spills
and releases, recreational use, and stream regulation.

Fifteen wastewater treatment plants discharge almost nine million gallons per day of
treated wastewater into tributaries of the New River within New River Gorge National
River. Eight wastewater treatment plants discharge almost six million gallons per day of
treated wastewater into waters draining Bluestone National Scenic River. Two combined
sewer overflow systemsin the New River drainage and one combined sewer overflow
system in the Bluestone River drainage rel ease a combination of storm runoff and
untreated sewage directly to streams during storms. Many of the remaining treatment
plants experience hydraulic overloads during wet periods due to poorly designed or
malfunctioning collection systems.

Other discharges to streams in the parks include waste removed from treated water,
industrial effluents, and mine discharges. Nonpoint runoff from urban areas such as
Beckley and from agricultural areasin the Greenbrier River drainage is another source of
pollution.

There are 115 abandoned mine sitesin New River Gorge National River, and 11 such
sitesin Gauley River National Recreation Area. Surface mining occurs adjacent to
Gauley River National Recreation Area. Coal mining impacts surface water and ground
water quality in the area (Ehlke et al. 1982, 1983). 1n 1991, 84 active and abandoned gas
wells were inventoried within, or within a half-mile of, Gauley River National Recreation
Area

Logging has occurred in and around all three parks. Logging will continue to occur as
ready-to-harvest hardwood forests and wood-processing technology will attract additional
forest industries to southern West Virginia. Erosion from roads associated with logging
and mineral activities has increased sedimentation of local streams.

Transportation routes such as highways and railroads have led to spills of toxic chemicals
into New River. Numerous highways and railroad bridges cross the New River. A main
CSX rail line runs the entire length of New River Gorge. All of these routes carry
chemicals from factories in the Kanawha Valley to southern and eastern markets.

Herbicide spraying occurs along CSX rail lines. Spraying also occurs on rights of way

granted to American Electric Power and other interests. These herbicides can be washed
into the New River during heavy rains.
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Rafters and anglers attracted to the parks also may impact park resources. Aquatic
habitats are stressed by additional human waste |oads and other disturbances. Demand
for recreational fishing has led to the introduction of non-native fish species, and angling
has led to bait-bucket dumping of other non-native species. Park operations are potential
sources of stress with the additional sewage and other waste products generated by
normal park operations.

Bluestone and Claytor Damsregulate stream flow in the New River. Bluestone Dam also
affects flow at the mouth of the Bluestone River. Summersville Dam regulates flow of
the Gauley River. These dams reduce peak flows and flooding. This could affect
riparian areas, especialy rare native plant communities. Bluestone and Summersville
Dams are bottom-release facilities. Operation of these dams lowers downstream stream
temperatures.

SURFACE WATERS
Hydrology

New River Gorge Nationa River, Bluestone National Scenic River, and Gauley River
National Recreation Areaare all part of the same watershed and river system. The
Bluestone River istributary to New River. The confluence of the New and Gauley
Rivers forms the Kanawha River, which flows into the Ohio River, which then flows into
the Mississippi River. The greater Kanawha-New River watershed includes parts of
North Carolina (756 square miles), Virginia (3,044 square miles) and West Virginia
(8,424 sguare miles).

The New River begins at the confluence of the North and South Forks in the Blue Ridge
Mountains near Blowing Rock, North Carolina. New River flows generally northward
for 250 miles to Gauley Bridge, West Virginia, where the Gauley River joinsit. The
Kanawha River flows northwest another 97 miles before emptying into the Ohio River at
Point Pleasant, West Virginia (Eychaner 1994).

The New River and the upper Kanawha River roughly follow the course of the ancestral
Teays River. Thiswatercourse, which has existed since before the Pleistocene Ice Age
(about 2,000,000 to 10,000 years ago), is one reason New River is sometimes considered
the oldest river in the western hemisphere (Welker 1982). Exact age of New River, and
clamsthat it isthe oldest river in North America and the second oldest river in the world,
are subject to some debate. Still, New River isthe only river that beginsin the Blue
Ridge physiographic province, and cuts northwestward across the entire long axis of the
Valley and Ridge province, and well into the Appalachian Plateau province (Jenkins and
Burkhead 1994).

The only major tributaries to New River above its confluence with Gauley River are the
Bluestone and Greenbrier Rivers. Both of these tributaries enter New River within afew
miles of each other near Hinton, West Virginia (Fig. 1). Bluestone River enters New
River within Bluestone Lake, about 2%2 miles above Bluestone Dam. Greenbrier River
enters New River about 4 miles farther downstream, about 1¥2 miles downstream of
Bluestone Dam.
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The Greenbrier River drains 1,625 square miles. On average, it contributes about 27% of
New River flow as measured at the nearest downstream gauge, New River at Hinton
(Table 4). Bluestone River drains 460 square miles. Its contribution to New River flow
isproportionally less. Extrapolating the data from the Bluestone River at Pipestem
USGS gauge site, which is about 12%2 miles above its confluence with New River, yields
amean daily flow of 544 cfs. Thisisamost 10% of New River flow at the confluence,
and almost 7% of the flow measured at the Hinton gauge.

Table 4. New River drainage basin stream gauging station information (after Flug 1987). Locations are
current or abandoned U. S. Geological Survey gauging sites. Mean valuesfor New River sitesare
computed for the period 1949 to 1983 (post-construction of Bluestone Dam), except for New
River at Thurmond, which is computed for the period 1981 to 2000. Mean values for other sites
are computed from the beginning of the record through 2000, or the end of the record if
abandoned prior to 2000 (Ward et al. 2000).

Location Available Drainage Area Mean Discharge Mean

Period of Record (mi?) (cf9) Annual Flow
(million ac-ft)

New River

GlenLyn, VA 1927 — current 3768 5114 3.7

Bluestone Dam 1923 —1983 4602 5744 4.2

Hinton 1936 — current 6256 8130 5.9

Thurmond 1981 — current 6687 8776 6.3

Greenbrier River

Alderson 1895 — current 1364 1998 14

Hilldale 1936 — current 1619 2274 1.6

Bluestone River

Pipestem 1950 — current 395 467 0.3

Gauley River

Belva 1928 — 1999 1422 2752 2.0

M eadow River
Mount Lookout 1966 — current 365 733 0.5

The Bluestone River originates in southwestern Virginia and flows 77 miles northeast to
its confluence with New River. Bluestone National Scenic River contains 12.5 miles of
Bluestone River. The upper 4%2 miles of Bluestone River within the authorized boundary
of Bluestone National Scenic River are within Pipestem State Park. The downstream
boundary of Bluestone National Scenic River is about 2%2 - 3 miles (depending on the
level of Bluestone Lake) above the mouth of Bluestone River. The 462 square mile
watershed is elongated in shape, and has no major tributaries. Between 1950 and 2000
average discharge of Bluestone River near Pipestem, was 467 cfs, with a maximum of
19,300 cfs and a minimum of 7.0 cfs.

The Gauley River originates in the mountains of eastern West Virginia. It flows west-
southwest 107 miles through a 1,422 square mile watershed to its confluence with New

River. Average daily flow for Gauley River above Belva (just below the GARI
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boundary) between 1928 and 1999 was 2,752 cfs, with aminimum of 3.2 cfsand a
maximum of 60,900 cfs.

Along its course, the Gauley River picks up the mgjor tributaries of Williams River,
Cherry River, and Cranberry River. These rivers have their headwatersin the
Monongahela National Forest. Two major tributaries enter the Gauley River within
Gauley River National Recreation Area, Peters Creek and Meadow River. Only asmall
portion of Peters Creek is within the boundary of Gauley River National Recreation Area,
while a sizable portion of the Meadow River lies within the boundary.

The Meadow River, amgjor tributary of Gauley River, flows through Gauley River
National Recreation Areafor the last almost six miles of its course. It begins above
Grassy Meadows in Greenbrier County, West Virginia, at an elevation of approximately
2470 feet. It flows north and northwest approximately 62 miles to its mouth on Gauley
River, at an elevation of 1180 feet. Between 1966 and 2000 the average discharge of
Meadow River near its mouth was 733 cfs, with a maximum of 18,500 cfsand a
minimum of 3.0 cfs (Ward et al. 1997).

Average gradient of the New River over its entire courseis about 13 feet per mile.

Within New River Gorge National River the average gradient is about 102 feet per mile.
In the lower gorge, between Cunard and Fayette Station, the average gradient of New
River is 19.4 feet per mile. Average gradient of the Bluestone River over its entire course
is 27 feet per mile. Within Bluestone National Scenic River the average gradient is
approximately 12.4 feet per mile. Within Gauley River National Recreation Areathe
average gradient of Gauley River is 26 feet per mile. Average gradient of the Meadow
River over its entire length is approximately 21 feet per mile. Within the Gauley River
National Recreation Areathe average gradient is 88 feet per mile.

Bluestone Dam, located just upstream from the boundary of New River Gorge National
River, and to alesser extent Claytor Dam located further upstream in Virginia, influence the
flow regime of New River within the park. Bluestone Dam forms Bluestone Reservoir at the
confluence of New and Bluestone Rivers. This dam aso inundates the lower reaches of
Bluestone Nationa Scenic River. Operated by the Army Corps of Engineers (COE),
Bluestone Dam generally functions as a flood control structure, and is supposedly operated
on arun-of-the-river (outflow equals inflow) basis. Claytor Dam is operated by Appalachian
Power (doing business as American Electric Power) on a power-peaking basis to generate
electricity.

If Bluestone Dam operated on a true run-of-the-river basis, it should theoretically provide
natural flows downstream. However, inflows to Bluestone Lake are influenced by
operation of Claytor Lake further upstream. This causes daily and weekly fluctuations of
Bluestone Lake inflow, which isreflected in the discharge from Bluestone Dam. Also,
the COE attempts to maintain relatively constant summer and winter lake pools (1410
feet and 1406 feet above mean sealevel, respectively) in Bluestone Lake. These factors
result in an unnatural flow pattern in New River Gorge.

Flug (1987) reviewed New River flow patterns, and identified the influence of the
operation of these dams, especially Bluestone Dam, on flowsin New River Gorge. This
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analysis required knowledge of inflowsto, and outflows from, Bluestone Lake.
Bluestone Lake inflow can be estimated by adding the values from two USGS gauging
stations. Most water entering Bluestone Lake comes from New River. Thisinflow is
closely approximated by a gauge just upstream of the West Virginia-Virginia border
(New River at Glen Lyn, VA, 03176500). Inflow from Bluestone River, the other large
contributor to the lake, is closely approximated by a gauge near the upstream boundary of
Bluestone National Scenic River (Bluestone River near Pipestem, WV, 03179000).
Bluestone Lake outflow can be obtained by two methods. One method is Bluestone Dam
release information provided by the COE. Thisfigure isbased on the number of sluice
gates open at Bluestone Dam, and the hydraulic head of Bluestone Lake above the sluice
gates. Discharge from Bluestone Dam can aso be estimated by arithmetic treatment of
data from two USGS gauges. Thisis done by subtracting the discharge from Greenbrier
River near its mouth (Greenbrier River at Hilldale, WV, 0318400) from discharge of
New River just downstream of the confluence of the Greenbrier (New River at Hinton,
WV, 03184500).

Even with operation of the dams, flows in the New River system exhibit a high degree of
variability. Figure 7 shows mean (average), maximum and minimum releases from
Bluestone Dam between 1949 and 1983. On April 7 (day 97) discharge varied from less
than 3,000 cfs (1966) to amost 63,000 cfs (1960). A few days earlier in April, minimum
flows of only afew hundred cfs were recorded. The difference in magnitude between the
maximum and minimum discharges illustrates the annual variability in the basin. The
presence of Bluestone Dam has dampened these extreme values, otherwise higher values
would be expected for the maximum discharges (Figure 8).

Mean daily hydrographs for the Glen Lyn and Bluestone Dam gauging stations are
plotted (Figure 9) with adimensionless scale (daily discharge divided by mean discharge
for the entire period of record) because river flows generally increase downstream.
Although the hydrographs match closely, with peaks and valleys paralleling each other,
there are many discrepancies between the two gauging stations. These differences are
mainly due to the flood control function of Bluestone Dam. Thus, Bluestone Dam
releases do not correspond perfectly to arun-of-the-river pattern.

Other variations from the run-of-the-river pattern also occur. The above hydrographs are
based upon mean daily discharge. Therefore they do not reflect flow fluctuations over a
24-hour period. Hourly variationsin flow occur due to increased releases from Claytor
Dam for peak power generation. These fluctuations are damped by the distance between
the two dams, and by the relatively large size of Bluestone Lake.

On alarger time scale, there are seasonal differences between current Bluestone Dam rel eases and historic
New River flows. Thereisageneral pattern of water storage through the summer (inflow greater than
outflow) and larger winter releases (outflow greater than inflow). Mean monthly flows for New River after
completion of Bluestone Dam are shown in Figure 10. Mean monthly flows after the completion of

Claytor Dam but before the compl etion of Bluestone Dam are shown in Figure 11. Comparing the two data
setsillustrates the impact of Bluestone Dam operation on New River flows.
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Although the general patterns of the two figures are similar, since completion of
Bluestone Dam, mean winter flows have been greater, and mean summer flows smaller.
The general pattern of higher winter runoff and lower summer runoff was evident before
the completion of Claytor Dam (Figure 12). Figure 13 compares the mean daily
hydrographs at Bluestone Dam for the period before and after Claytor Dam was closed.
This comparison indicates that at least on adaily basis the flows discharged through
Bluestone Dam appear to correspond with the natural flow pattern; there is no long-term
storage of water by Claytor or Bluestone Dam.

Since 1965, Summersville Dam has regulated the flow of Gauley River within Gauley
River National Recreation Area. Asisthe case with New River, flow regulation has
dampened flow variability in Gauley River National Recreation Area (Figure 14).

The hydrograph for the unregulated Bluestone River at Pipestem is shown in Figure 15.
A similar type of annual pattern would be expected for New and Gauley Riversin the
absence of (before the completion of) the dams. This pattern is also representative of all
unregulated tributaries in the vicinity of the three parks.

As noted previoudly, the USGS operates severa stream flow gauging stations in and near
the three parks (Table 4). Two continuous gauges (New River at Thurmond, New River
at Hinton) and eight staff gauges (near the mouths of Lick, Meadow, Piney, Laurel,
Dunloup, Arbuckle, and Wolf Creeks, and Marr Branch) are located within or near New
River Gorge National River. Two continuous gauges (Meadow River near Mount
Lookout and Gauley River below Summersville Dam) are located within Gauley River
National Recreation Area, and another (Gauley River above Belva) islocated nearby.
One continuous gauge (Bluestone River near Pipestem) islocated within Bluestone
National Scenic River.

Discharge is determined at gauges by collecting stream stage (height) data and
maintaining a relationship between stage and discharge. At continuous gauges, river
stage data are recorded at time intervals of one hour or less. Dischargeis determined for
each time interval, and mean daily discharge is computed from the time intervals. Stage-
discharge rel ationships are maintained by frequent measurements of stream discharge
using acurrent meter. The stage-discharge relationship is adjusted as needed based on
the discharge measurements.

Stream flow statistics are summarized and published annually (e.g. Ward et al. 1999).
These statistics can be used to estimate stream conditions for streams that are not gauged.
Probabilities of the occurrence of high flows (flooding) and low flows are two common
determinations devel oped from gauge networks and then applied to ungauged streams.

Equations for estimating peak discharges on rural, unregulated streams in West Virginia
were developed by Runner (1980). Thiswork has recently been superceded by that of
Wiley et al. (2000). These equations (Appendix A) are not applicable to regulated
streams like Gauley and New River, but are applicable to Bluestone River and to most of
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the tributary streamsin the three parks. Drainage area, the only input variable necessary
to calculate peak discharge from these equations, was determined for many of these
streams by Mathes et al. (1982).

Equations for estimating low flows on rural, unregulated streams were developed by Friel
et al. (1989). These equations (Appendix B) use drainage area and a streamflow-
variability index as independent variables. Estimates for the streamflow-variability index
were also provided by Friel et al. (1989; see also figure In Pocket).

Water Quality

Messinger (1997) reviewed more than 300 available water quality reports that covered all
of the Kanawha-New River Basin. Within the Appalachian Plateaus province, the area
that contains the three parks, coal mining, improper disposal of human and animal
wastes, and industrial activities were identified as affecting surface water quality.

Baseline surface water quality for New River Gorge National River was summarized
from dataretrieved from the U.S. Environmental Protection Agency’s STORET database
(National Park Service 1995a). Thisretrieval contained 101,426 observations of 347
parameters collected by various state and federal agencies, including the National Park
Service. These observations came from 124 sites, of which 59 were |ocated within the
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park. The report concluded that surface waters within the study area were impacted by
bacteria and trace metals. Possible anthropogenic (human-caused) sources of
contamination include residential and municipal development, wastewater discharge,
active and abandoned coalmines, farming, livestock grazing, and recreational use.

A number of the parameters measured commonly had values outside their acceptable
ranges. These included dissolved oxygen, pH, fecal bacteria, and several metals.
Dissolved oxygen was less than 4 mg/l (EPA criterion for protection of freshwater
aquatic life) in 9% of 4,898 samples. Most (94%) of these samples came from Bluestone
Lake.

In 551 of 5,561 (10%) measurements, pH was outside the range of 6.5 to 9.0 standard
units (EPA chronic criteriafor freshwater aquatic life). Of the measurements outside the
acceptable range, 479 (87%) were less than 6.5. Thisindicates acidic conditions, and
may be due to atmospheric deposition or acid drainage, usually from coal mines. Only
four total alkalinity measurements were noted, and all of these fell well below the
Nationa Park Service Air Quality Division’s 200 microequivalents per liter (ueg/L)
threshold that indicates sensitivity to acidic deposition.

Total coliform bacteria exceeded the Nationa Park Service Water Resources Division
bathing water criterion of 1,000 colony forming units per 100 milliliters (CFU/100 ml) in
312 out of 606 (51%) samples measured. The West Virginia standard for water-contact
recreation (and National Park Service Water Resource Division standard for bathing
water) of 200 CFU/100 ml of fecal coliform bacteriawas exceeded in 1,020 of 2,551
(40%) of measurements.

Some metal's exceeded acceptabl e standards (EPA criteriafor freshwater aquatic life,
EPA drinking water criteria, or both) in more than 10% of the samples. These included
antimony (59 out of 510 samples; 12%), cadmium (147/619; 24%), lead (212/774; 27%),
mercury (133/527; 25%), and thallium (30/69; 44%).

Other constituents exceeded acceptable standards less often. These included arsenic
(1/248; <1%), beryllium (6/390; 2%), chromium (6/935; <1%), copper (29/503; 6%),
total cyanide (1/229; <1%), fluoride (1/532; <1%), nickel (1/272; <1%), silver (11/286;
4%), sulfate (10/1,270; <1%), and zinc (36/874; 4%). Turbidity exceeded the National
Park Service Water Resources Division screening criterion of 50 turbidity units (JTU,
FTU, or NTU, depending on the method used) in 4% (72/1,722) of samples.

A similar report was generated for Gauley River National Recreation Area (National Park
Service 1995d). Retrieved from STORET were 91,940 observations for 326 separate
parameters at 80 monitoring stations, 15 of which were located within the park boundary.
The report concluded that watersin and near Gauley River National Recreation Area also
have been impacted by bacteria and trace metals. Potential anthropogenic sources of
contamination were the same as those listed for New River Gorge National River.

Eighteen parameters indicated potential water quality problems. Significant among these
were pH, coliform bacteria, and some metals.
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Of 6,916 pH measurements, 3,338 (48%) were out side the range of 6.5 —9.0 standard
units. All but 3 (99.9+%) of the measurements outside this range had values |less than 6.5
(acidic). Only six akalinity measurements were included in this summary, and all of
these values were well below the 200ueg/L threshold. As noted above, these values
indicate acidic conditions, and sensitivity to acidic deposition.

Total coliform bacteria concentrations exceeded 1,000 CFU/100ml in 100 of 309 (32%)
samples. Fecal coliform bacteria concentrations exceeded 200 CFU/100ml in 180 of 720
(25%) observations.

Four chemical constituents exceeded acceptable standardsin at least 10% of the samples.
These included cadmium (78/417; 19%), lead (79/588; 13%), mercury (55/466; 12%),
and thallium (48/1077; 20%). Turbidity exceeded 50 turbidity unitsin 91 of 949 (10%)
of samples.

Other constituents exceeded standards much less often. These included antimony
(15/667; 2%), beryllium (5/705; <1%), chloride (1/1,136; <1%), chromium (1/693; <1%),
copper (1/305; <1%), nickel (2/240; <1%), silver (3/109; 3%), and zinc (48/1077; 4%).

A third report provided ssimilar information for Bluestone National Scenic River
(National Park Service 1995€). The report summarized 23,459 observations for 188
separate parameters at 29 monitoring stations, 12 of which were within the park
boundary. Asfor the other two parks, the report concluded that watersin the area have
been impacted by bacteria and trace metals, and that the potential sources of
contamination were similar.

Dissolved oxygen was less than 4mg/L in 35 of 1,543 (2%) observations. Thirty (86%)
of these observations occurred in Bluestone Lake on New River.

Of 1,600 pH measurements, 99 (6%) were outside the range of 6.5 — 9.0 standard units.
Of the measurements outside the acceptable range, 72 (73%) were below 6.5, indicating
acidic conditions. No total alkalinity measurements were recorded.

Total coliform bacteria exceeded 1000 CFU/100ml in 56 of 101 (55%) of samples. Fecal
coliform bacteria exceeded 200 CFU/100ml in 81 of 252 (32%) of samples.

Several chemical constituents exceeded acceptable standardsin at least 10% of samples.
These included antimony (19/136; 14%), cadmium (17/110; 15%), lead (55/167; 33%),
mercury (21/102; 21%), and thallium (25/25; 100%).

Other constituents exceeded standards less often. These included beryllium (1/125;
<1%), copper (3/71; 4%), total cyanide (1/41; 2%), nickel (1/51; 2%), silver (3/53; 6%),
total sulfate (1/274; <1%), and zinc (15/209; 7%). Turbidity exceeded 50 turbidity units
in 20 of 363 (6%) of samples.

The National Park Service has collected (or had collected), water quality datafrom the
three parks since 1980. A brief history of this program is provided in the Water
Resources I ssues section (Water Quality Data Collection and Management) of this
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document. At present, samples are collected regularly at five sites each in Bluestone
National Scenic River and Gauley River National Recreation Areaand at 18 sitesin New
River Gorge National River. Other sites are sampled as conditions warrant.

Samples collected by NPS are primarily for enumeration of fecal coliform bacteria. NPS
has analyzed some samples for E. coli, and some simultaneous comparison sampling for
E. coli and fecal coliform has occurred. Other parameters measured or noted during
bacterial sampling include air and water temperature, discharge, alkalinity, turbidity, pH,
and dissolved oxygen.

The National Park Service datafor New River Gorge National River have been analyzed
and presented in a number of reports (Wood 1990a,b,c, West Virginia Department of
Natural Resources 1988, 1989a, Schmidt and Hebner 1991, Hebner 1991, Gibson 1993,
Sullivan 1993a,b, Wilson and Purvis 2000). In addition to Gibson (1993), Sullivan
(1993b) and Wilson and Purvis (2000), National Park Service (1991) and Sullivan
(1992a) cover water quality datafor Bluestone National Scenic River and Gauley River
National Recreation Area. These reports cover baseline data collected through 1997. A
report evaluating data from the three parks for 1998 through 2000 is nearing compl etion.
It is anticipated that annual reports will summarize data beginning with samples collected
during 2001. An evaluation of long-term trends in water quality for the three parksis
scheduled to begin in 2003.

Evaluation of the NPS data suggested a strong rel ationship between stream discharge and
density of fecal coliform bacteria. To further evaluate this relationship, storm events
were heavily sampled beginning in 1998. This special effort focused on Dunloup Creek
(NERI), athough Piney Creek (NERI) aso was sampled. Dunloup Creek flows past NPS
headquarters at Glen Jean, so it is easy to determineif a storm event has increased
discharge. A rain gauge at headquarters provides accurate determination of storm event
magnitude, and a USGS-maintained stream gauge at the sampling site about 5 miles from
headquarters provides accurate determination of discharge. Sample analysis has shown
that fecal coliform bacteria density does increase during storm events (Purvis and Wilson
1999). Effortsto more clearly define this relationship continue.

Severe flooding in May, and especially July of 2001 emphasized the issue of storm event
water quality. Intensive sampling revealed extremely high densities of fecal coliform
bacteriain a number of streams (Vandersall and Purvis, in prep). The park issued a
health advisory, and briefed the commercial outfitting industry and the West Virginia
Division of Tourism about the matter. Concern about thisissue, and its potential effects
on human health and the area s tourist industry led to inclusion of a storm event water
guality monitoring proposal in the flood rehabilitation plan (Resource Assessment Team
2001). Thisproposa was funded in 2002 for one year.

Beginning in 1996, water quality data were collected in the Kanawha-New River Basin
study unit of the USGS National Water Quality Assessment (NAWQA) program.
Physical, chemical, and biological data collected for this program are presented in Ward
et al. (1997,1998,1999). The mgor findings of this program are summarized in Paybins
et al. (2000). Other interpretive reports include Messinger (1997), Messinger and
Hughes (2000), Kozar et al. (2000), Chambers and Messinger (2001), and Messinger and
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Chambers (2001). Due to changesin program priorities, the USGS decided not to fund
the Kanawha-New River Basin study unit after Fiscal Y ear 2001 (Doug Chambers, U.S.
Geological Survey, personal communication 2002). Some aspects of this program that

are relevant to the three parks are presented below.

Data collected from New River at Thurmond (within New River Gorge National River)
indicate the water is alkaline and typically soft, but may be moderately hard. Alkalinity
islow to moderate. Thustheriver isat best moderately buffered against acid inputs.
Fecal coliform bacteria exceeded 200 colonies per 100 milliliters (the standard for water
contact recreation) in some samples.

Data collected from Dunloup Creek at Harvey (within NERI) during 1994 and 1995
indicate alkaline water that istypically hard, with amoderately high alkalinity. Fecal
coliform concentrations commonly exceeded 200 colonies per 100 milliliters.

Peters Creek joins Gauley River within Gauley River National Recreation Area. The
Peters Creek at Lockwood siteisjust upstream from the park boundary. Dataindicate
water at this siteis alkaline and moderately hard. Alkalinity islow. Thusthe streamis
not well buffered against acid inputs. This condition istypical of many streams and
riversin the Gauley River watershed. Fecal coliform bacteria concentrations commonly
exceed 200 colonies per 100 milliliters. Concentrations of E. coli, considered to be a
good indicator of health risks, were also fairly high.

The Bluestone River at Spanishburg site is several miles upstream from the Bluestone
National Scenic River boundary. Water at this site is alkaline and typically moderately
hard. Thusit is moderately buffered against acid inputs. Fecal coliform bacteria
concentrations exceed 200 colonies per 100 millilitersin some samples, and some E. coli
samples were high.

Part of the NAWQA program documented the occurrence of contaminants (persistent
organic compounds and trace elements) in streambed sediments and fish tissues. For this
study, sampling sites particularly relevant to the three parks include Bluestone River at
Spanishburg (BLUE), Bluestone River near Pipestem (BLUE), New River at Hinton
(NERI), Piney Creek near McCreery (NERI), New River at Thurmond (NERI), Meadow
River near Mt. Lookout (GARI), and Peters Creek near Lockwood (GARI). This study
found nickel, lead, and several polycyclic aromatic hydrocarbons (PAHSs, derived from
coal) in streambed sediments at some sites in concentrations thought to be harmful to
aguatic life (Messinger and Chambers 1998). Concern about the concentrations noted for
PAHs led the National Park Serviceto fund the U. S. Geological Survey in 2002 to
further study this matter. Sediment concentrations of most metals, polychlorinated
biphenyls (PCBs), and pesticides and pesticide residues were low.

Concentrations of mercury in rock bass (Ambloplites rupestris) livers collected at high-
elevation sitesin the Gauley River Basin (above GARI) were the highest measured in the
Kanawha River Basin (Chambers and Messinger 1998). These values were near
thresholds used as guidance for consumption advisories for edible portions of fish.
Liversof fish are generally not consumed. Livers concentrate metals more efficiently
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than do muscles (the part generally consumed), so comparing liver data to edible portion
standards should be used only as afirst reference, and interpreted cautiously.

Concentrations of other constituents were generally low relative to consumption advisory
guidance. Reports evaluating nutrients and bacteria, organic compounds, and the
relations between both benthic invertebrate communities (Chambers and Messinger
2001) and fish communities (Messinger and Chambers 2001) with selected
environmental variables have been published.

Under section 303(d) of the Clean Water Act (CWA), each state is mandated to develop
and submit to EPA on a periodic basisalist of water quality limited waters. Federal law
also mandates states to develop Total Maximum Daily Loads (TMDLSs) for waters that
are water quality limited. Initsmost simpleterms, aTMDL isaplan of action that is
used to clean up polluted waters.

The 1998 West Virginia 303(d) lists describe several types of impaired waters. The
Primary Waterbody List includes the state’ s waters that are being actively considered for
TMDL development. A second list includes streams that are impaired by mine drainage.
A third list includes waterbodies with biological impairment. The fourth list includes
waterbodies that are impaired by acid rain.

The Primary Waterbody List includes the entire length of Gauley River within Gauley
River National Recreation Area. Thisreach islisted asbeing impaired by lead and zinc
from an undetermined source. Also on thislist is Dunloup Creek for its entire length
within New River Gorge National River. This stream islisted as being impaired by
aluminum from an undetermined source.

The list of Waterbodies Impaired by Mine Drainage includes 19 streams in the Gauley
River drainage. Thisincludes the entire length of Peters Creek within Gauley River
National Recreation Area. Four streamsin New River Gorge National River are also
included on thislist. These streams are Meadow Fork of Dunloup Creek (the site of the
mine drainage isright at the park boundary), Arbuckle Creek, Batoff Creek, and a
tributary of Piney Creek.

No streams within or tributary to the three parks are included on the list of Waterbodies
with Biological Impairment. Thisis probably due to the fact that the Watershed
Assessment Program of the West Virginia Division of Environmental Protection has been
evaluating streams throughout the state on a 5-year rotation. Streamsin, and draining
into, the three parks, were included in the 2002 update of thislist.

Eighteen streams in the Gauley River drainage are included on the list of Waterbodies
Impaired by Acid Rain. All of these streams are in the upper reaches of the watershed,
and well above Summersville Lake.

As note above, the West Virginia Division of Environmental Protection is presently
working on the next round of 303(d) lists. These lists may be expanded to include waters
that are impaired by non-point source pollution and fecal bacteria. If thisisthe case,
many more streamsin and tributary to the three parks may appear on these lists.
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The West Virginia Division of Environmental Protection liststoxic releasesto streamsin
its online computer watershed databases in land use statistics tables (West Virginia
Division of Environmental Protection 1999a). No toxic releases are listed for the period
1987-96 for the Gauley River, Lower New River, or Upper New River watersheds.

The U. S. Environmental Protection Agency isin the process of determining the
ecological health of the United States. One part of this process is the Environmental
Monitoring and Assessment Program (EMAP). West Virginiaand four other states are
included in Mid-Atlantic Highlands Stream Assessment portion of EMAP. The program
was designed to assess the general condition of streams across the region. Thiswas
accomplished by measuring a suite of ecosystem condition indicators at a probability-
based sample of 500 sites on small streams across the study area. This effort beganin
1993, and the final report was published in 2000 (Environmental Monitoring and
Assessment Program 2000).

Biological indicators evaluated were fish, benthic macroinvertebrate, and periphyton
assemblages, and sediment microbial respiration. Fish tissue contaminants also were
noted. Water quality measurements included nutrients, suspended sediments, cations,
anions, pH, acid neutralizing capacity, water temperature, and dissolved oxygen. Stream
physical habitat, riparian habitat, land cover, road density, human population density,
ecoregions, geology, and fish stocking and management practices were also documented.

The EMAP program noted a number of water quality issuesin the region. These
included ecological conditions of fish and aquatic insects, habitat stressors such as
channel sedimentation and riparian streambank alteration, mine drainage, acid rain,
nutrients, contaminants, and non-native species.

The EMAP study evaluated the above water quality issues in three geographic patterns:
states, watersheds, and ecoregions. For the area of each geographic pattern that included
the three parks, several trends were noted. Ecological conditions of fish and aquatic
insects were towards the high end of the range in terms of percentage of stream miles that
were ranked as poor. Channel sedimentation was not as severe as in other areas, but
riparian alteration was high. Mine drainage and acid rain problems were high, but
nutrient problems were low. Fish contamination was variable, and inspection of the
actual datawill be required to narrow thisissue down. Problems with non-native species
were also high in the regions including the three parks.

GROUND WATER
Hydr ogeol ogy

Precipitation is the major source of ground water in the three parks. The amount of
precipitation recharging ground-water reservoirs is affected by vegetation, ground slope,
soil cover, geology, and climatic conditions (Fetter 1980). Only asmall portion of falling
precipitation actually enters the ground-water system. Processes such as overland runoff,
interception by vegetation, and evapotranspiration direct most precipitation into the
surface water or atmospheric phases of the water cycle. Water that percolates through the
soil eventually reaches a zone of saturation, the ground-water reservoir. Annual runoff in
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southern West Virginia (including New River Gorge National River and Bluestone
National Scenic River) isabout 16 inches (Appel 1986). Valuesfor Gauley River
National Recreation Areamay be higher. Annual runoff in mountainous eastern West
Virginiais about 40 inches per year (Appel 1986). Ground water recharge is estimated to
be 2 to 6 inches per year in noncarbonate, consolidated-rock areas of West Virginia. This
includes all three parks. Differencesin rock permeability and structural attitude affect
ground-water flow (Fetter 1980). Velocity of ground water flow in most rocksis low,
ranging from afew inches to several hundred feet per year. Flow velocity is controlled
by hydraulic gradient (slope of the water table or potentiometric surface), and
permeability (ability of rocks to transmit water).

Two types of rock openings, intergranular openings and fractures, determine the degree
of permeability. Intergranular openings were formed when the rock materials were
deposited, compacted, and cemented. They tend to be larger and more important in
coarse-grained rocks such as sandstone than in fine-grained rocks such as shale,
limestone, and clay. The actual permeability of the rock is determined by the degree of
interconnection of the intergranular openings. Fractures, including faults, joints, and
bedding-plane separations, are the main pathways for groundwater flow in the
consolidated clastic sedimentary rocks of the Appalachian Plateaus Province. Hence
these types of openings are most important in the three parks (Ferrell 1984).

Stressrelief fractures occur in response to the unloading effect caused by the erosion of
valleys (Wyrick and Borchers 1981). Stress-relief fractures are local and confined to
valley sides and bottoms. They significantly affect the occurrence and flow of ground
water in the parks (Ferrell 1984). High topographic areas or ridges function as recharge
areas. Water infiltrates the surface and flows downward and laterally through fracturesin
shallow bedrock. The rate of ground water flow per unit area (hydraulic conductivity)
decreases with increasing depth. Thus ground water flows primarily in alateral direction
along fractures or bedding planes, or through nearly horizontal coal seams that can have
high permeability even at depth. If the vertical rate of flow or vertical hydraulic
conductivity is negligible, then ground water continues to flow laterally, discharging as
springs or seeps on hillsides. Where vertical conductivity is appreciable due the stress
relief fractures along valley walls or hillsides, ground-water flow follows a stair-step path
through the fractures, bedding planes, and coal seams, eventually discharging to streams
and (or) recharging coal seams at depth (Harlow and LeCain 1991).

In the area of the parks, ground water is obtained from wells, springs, and abandoned
coalmines. Wellsdrilled into consolidated rock units typically have only the top few feet
of the hole cased, with the remainder left as an open borehole. Ground water enters wells
from one or more water bearing zones or sets of fractures. Well yields vary, depending
on factors including geology and topographic setting. Within a given rock unit, well
yields may vary because of localized fractures due to such factors as stress relief,
structural deformation, and subsidence caused by underground mining. Well yields are
greater near the axes of anticlines where fractures have been formed during the folding of
the original flat lying sedimentary deposits. Well yields are less along the axes of
synclines where compression has tightly compacted rock units. Well yields are typically
less in areas where subsidence has occurred due to collapsed roofs of underlying
coamines. Such collapse and subsidence creates vertical fractures that facilitate
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downward movement of water from overlying rock units to underlying mine shafts. If
these underlying mine shafts become flooded, then wells drilled into them can have high
yields (Ferrell 1984). In the vicinity of New River Gorge National River the Pottsville
Group has moderate to high potential to supply adequate water for industrial or public
use. The Mauch Chunk Group has low to moderate potential, except in localized areas
with highly fractured rock. Well yields are generally adequate for farm or domestic use
(Ferrell 1984).

In the Gauley River National Recreation Area, the Kanawha and New River formations
have low potential to supply yields adequate for industrial or public supply, except at
only the most favorable sites where all conditions are optimized. Yields for domestic and
farm use from these formations are generally adequate, except in some hillside and
hilltop locations. Mining in some areas will decrease the potential for any development
(McAuley 1985).

In the Bluestone National Scenic River area, the Mauch Chunk Group has high potential
to yield moderate amounts of water from valley wells several hundred feet deep and from
wells near anticlinal axes. Yields from these wells are adequate for domestic, farm, and
small municipal and industrial use. Wellson hillsides and hilltops may not have
adequate yields for any use (Shultz 1984).

Water Quality

Chemical quality of ground water is determined by the types and concentrations of
mineralsit contains. The types and concentrations of minerals present in ground water
depend on the chemistry of the water that recharges the aguifer, the chemical and
physical properties of the soil and rock through which the water moves, and the amount
of time the water isin the ground-water system. Generally, water becomes more
mineralized as it moves through the flow system. Water at depth moves slowly and
typically is highly mineralized (Heath 1983). Ground water quality can be degraded by
industrial-waste disposal, coal mining, oil and gas drilling, agricultural activities,
domestic or municipal waste disposal, transportation, and rural development (Kozar and
Brown 1995).

Messinger (1997) concluded that coal mining, improper disposal of human and animal
wastes, and upward flow of deep, saline ground water into shallow, freshwater aquifers
had affected ground-water quality in this area.

In much of West Virginia, including the three parks, topography influences the shallow
ground water flow path and the chemical composition of ground water. Although
recharge occurs at all topographic settings, the flow of ground water typically istowards
valleys, resulting in the youngest ground water being from hilltop wells and the ol dest
ground water being from valley wells. Because of the chemical changes that occur as
ground water percolates downward into valleys or flows laterally to hillside seeps and
springs, the chemical composition of ground water tends to differ with respect to
topography. Because of the differences with respect to topography, the chemical quality
of water in the bedrock aquifersin the parks cannot be easily mapped. Wellsin one

49



topographic setting may yield water of achemical quality very different from water in
nearby wells in another topographic setting.

Three chemical constituents or properties that occur in ground water in the parks that
vary with respect to topography are dissolved iron, dissolved manganese, and hardness
(Ferrell 1988). Dissolved iron and manganese concentrations are generally greater in
ground water from valley settings than in ground water from hilltop settings. High levels
of iron and manganese can stain plumbing fixtures and laundry. Hardnessis generally
greater in ground water from hilltop settings.

Ground water from both the Pottsville Group and the Mauch Chunk Group istypicaly
moderately hard in the vicinity of New River Gorge National River. High concentrations
of iron and manganese can occur in ground water from the Pottsville, especialy in valley
wells of shallow depth (Ferrell 1984). Ground water from the Kanawha and New River
formations is typically soft in the vicinity of Gauley River National Recreation Area, but
can have high concentrations of iron and manganese, especialy in valley wells of shallow
depth (McAuley 1985). Ground water from the Mauch Chunk Group in the vicinity of
Bluestone National Scenic River istypicaly moderately to very hard with relatively high
concentrations of iron and manganese (Shultz 1984).

In 1997 the USGS NAWQA program studied ground water quality in randomly selected,
recently constructed domestic wellsin the Appalachian Plateaus Physiographic Province
of West Virginia. In 1998, about 30 recently constructed domestic wellsin the
Appalachian Plateaus down gradient from surface coal mines that had been operated and
reclaimed in compliance with the Surface Mining Control and Reclamation Act of 1977
were studied. Collection and analysis methods were the same for both studies (Koterba
et al. 1995). Analytesincluded major ions, trace elements, nutrients, pesticides, volatile
organic compounds, fecal indicator bacteria, and chlorofluorocarbons.

While all data from these studies have been published (Ward et al. 1998, 1999), analyses
have been completed for only afew subjects. Age of ground water for 25 randomly
sampled wellsin the Appalachian Plateaus of the Kanawha-New River drainage were 13,
29, and 42 years, respectively, for hilltop, hillside, and valley wells (Kozar 1998). Radon
concentrations exceeded the U.S. EPA proposed maximum contaminant level of 300
picocuries per liter for water in 15 of 30 (50 percent) wells sampled in the Appalachian
Plateau (Kozar and Sheets 1997). Bacterial contamination of ground water has been
thought to be a significant problem in the Kanawha-New River basin. However, analyses
of water samples from 59 recently constructed wells located in fractured bedrock settings
within the Appalachian Plateau and Blue Ridge Physiographic Provinces showed such
contamination is rare (Sheets and Kozar 1997).

WATER RIGHTS

Like most water abundant states in the eastern United States, the right to use water in
West Virginiais governed by the English common-law doctrine of riparian rights. A
riparian water right arises as an incidence of property ownership. Riparian rights attach
to land which is crossed by or borders a surface watercourse or which overlays
underground waters from wells or springs (McGinley 1991). By virtue of its ownership
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of land adjacent to the Gauley, New, and Bluestone rivers, the National Park Serviceisa
riparian landowner. As such, it enjoys the same rights to the use of water as any other
riparian landowner along those rivers. The National Park Service also has riparian rights
to subsurface water directly underlying its land.

West Virginia courts have established “reasonable use” of water as the guiding principle
in water rights analysis. This principle allows ariparian landowner to use adjacent or
underlying waters as long as it does not interfere with the reasonable uses of other
riparian owners. While “reasonable use” applies equally to both ground and surface-
water, the courts have also established that a riparian right to groundwater includes the
requirement that groundwater be beneficially used (McGinley 1991).

Due to increasing demand for water in the eastern United States, many eastern states have
adopted a form of regulated riparian rights, requiring major water users to obtain permits
for their water use (Sherk 1990). With one minor exception, the West Virginia
legislature has resisted all attempts at instituting this form of water-use regulation
(Wright 1990). In 1994 West Virginia enacted the little known Natural Streams
Preservation Act (WV Code 822-13-1 et. seq.). Thisact requires a permit be obtained
prior to any modification, including diversion, of a“protected stream”. To date, the West
Virginialegisature has designated five stream reaches as protected, including “New
River from its confluence with the Gauley River to its confluence with the Greenbrier
River” (WV Code §22-13-5). Thisreach includes the entire length of New River within
New River Gorge Nationa River.

In addition to riparian water rights based on state law, the parks may also be entitled to
water rights under federal law. The federal reserved water rights doctrine has become
well established in public lands states, primarily in the western United States, through
numerous U.S. Supreme Court decisions (e.g. Arizonav. California). In generdl, this
doctrine holds that when the United States sets aside land for specific purposesit either
implicitly or explicitly reserves sufficient water to meet those purposes. By virtue of its
designation under the Wild and Scenic Rivers Act, Bluestone National Scenic River is
entitled to afedera reserved water right sufficient to maintain the “scenic, recreational,
geologic, fish and wildlife, historic, cultural, or other similar values” and preserve its
“free-flowing condition” (PL 90-542, as amended). Similarly, Gauley River National
Recreation Area and New River Gorge National River are entitled to federal reserved
water rights in sufficient quantity to meet the purposes of their respective enabling
legidlation. While federal reserved water rights have been incorporated into the
appropriative water right systems of western states, it is unclear how reserved rights
would interact with the riparian rights system of West Virginia.

Many rivers that flow through multiple states have interstate compacts allocating water
among the states and in some instances establishing a regulatory entity for the entire river
basin. Both New River and Bluestone River flow through multiple states. However, due
to the relatively abundant water supply there is currently no interstate compact all ocating
the water of New River between North Carolina, Virginia, and West Virginia. Similarly,
there is no interstate compact for Bluestone River between Virginiaand West Virginia.
Increasing water demands may eventually necessitate interstate compacts.
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AQUATIC BIOLOGICAL RESOURCES

Flora

Rutherford (2000) described periphyton assemblagesin tributariesto New River within
New River Gorge National River. The study identified 106 species of algae, mostly
diatoms, from 10 New River tributaries over a one-year sampling period. The study also
described seasonal variation in periphyton community composition of the streams.
Comparisons between streams showed that communities in Arbuckle and Dunloup
Creeks were most similar. High abundances and frequencies of occurrence of Schizothrix
calcicola indicated human waste to be a maor contributor to pollution in many of these
streams.

Diatoms also were found to be a useful indicator of water quality in streams at Indiana
Dunes National Lake Shore (Stewart et al. 1999). This research revealed that diatom
species diversity was most variable in disturbed areas with poorer water quality. Diatom
species diversity was correlated with land use and three water quality factors: total
alkalinity, total hardness, and specific conductance.

No published surveys have examined the occurrence, distribution, or ecology of
periphyton or other algae in Bluestone National Scenic River or Gauley River National
Recreation Area (Pauley and Pauley undated a, undated b). McNeill (1948) completed a
statewide survey of algae. In 1997 the USGS NAWQA program collected quantitative
and qualitative periphyton samples from three sitesin or near the parks. These siteswere
Bluestone River at Spanishburg (above BLUE), New River at Thurmond (within NERI),
and Peters Creek near Lockwood (above GARI). These samples have been identified and
counted, but the data has not yet been published (Terry Messinger, U.S Geological
Survey, personal communication, 2001). Rodgers (1977) examined periphyton
communitiesin New River a Glen Lyn, Virginia, just upstream of the West Virginia
border. Lorenz (1975), Hopkin (1976), U.S. Army Corps of Engineers (1985a), and
Simmons et al. (1987) described phytoplankton in Bluestone and Summersville lakes.
Because of habitat differences (currents, substrate, temperature, depth, light, nutrient
supply, etc.) the algal communities of lakes are usually quite different from those found
in adjacent streams (Hynes 1970, Cole 1975).

Buhlmann and Vaughn (1985) and Buhlman (1990) described common aquatic plants of
New River Gorge Nationa River. Emergent aquatic plants include water willow
(Justicia americana), arrowhead (Sagittaria sp.), pickerel weed (Pondelaria cordata),
and lizard tail (Sauruus cernuus). Submerged aquatic plantsinclude riverweed
(Podostemum ceratophyllum), curly pondweed (Potamogeton crispus), elodea (Elodea
canadensis), wild celery (Vallisneria americana), water stargrass (Heteranthera dubia)
and slender naiad (Najas minor). Strausbaugh and Core (1978) provided distribution
information, by county, for all vascular plants, including aguatic ones, of West Virginia,
along with species descriptions and a key.

Water willow, riverweed, elodea, and curly pondweed are the most commonly observed
aguatic plantsin New River within New River Gorge National River. Beds of water-
willow are common along the margins of New River. Riverweed iscommon on
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relatively stable substrates such as large cobbles, boulders and bedrock in areas shallow
enough to allow sufficient light penetration for growth. Clumps of elodea have been
observed in New River. The size of these beds has increased in recent years. Whether
thisincrease is along-term trend, or merely the increasing phase of natural variation, is
unknown. Following the floods of July 2001 some previously noted large clumps of
elodea had disappeared. Curly pondweed forms dense beds aong the east edge of New
River outside the park just below Bluestone Dam. Benthic macroinvertebrates are
collected from Podostemum and Justicia habitats, and fish are collected from Justicia
beds during the NPS' annual 1ong term monitoring of New River (see below). Little
observational data or collections exist for Bluestone or Gauley River, or for tributaries of
New, Bluestone, or Gauley River.

Several studies have examined aquatic macrophytesin the New River in Virginia
(upstream of New River Gorge National River). Hill (1981) and Hill and Webster
(1983), working above Claytor Lake, found that aguatic macrophytes provided an
important short-term pulse of organic matter. This occurred when the plants, mostly J.
americana, P. ceratophyllum, and P. crispus, died, after which they decomposed rapidly.
Rodgers et al. (1983) looked at some of the same issuesin New River at Glen Lyn. This
pulse formed an important link between spring-summer periphyton production and fall-
winter inputs of leaves from deciduous trees. Allochthonous (originating outside the
stream channel; Lincoln et al. 1982) |eaf inputs are more important in smaller streams
than in larger rivers (Vannote et al. 1980). However, much of this organic matter that
entersin the smaller tributaries does get transported into larger rivers (Newbern et al.
1981).

Some insects, fish, mammals, birds, and reptiles are known to consume aguatic
macrophytes, but studiesin New River have shown little consumption of these plants
during the growing season (Rodgers et al. 1983). During these summer months the
aguatic macrophytes major interaction with aguatic fauna appears to be that of providing
vertical habitat complexity, refugia, and breeding sites. Only upon death and senescence
does the majority of organic matter in these aquatic plants become available to riverine
food webs.

Fauna

A great deal is known about the fauna of New River Gorge. The main channel of New
River has been particularly well sampled for fish and invertebrates, although much of the
fish survey data has not been published (see Historical Fisheries Data Mining under
Recommended Actions). Some surveys of terrestrial vertebrates have included animals
other than fish that live, feed, or reproduce in water. These include amphibians, some
reptiles (particularly turtles and some snakes), some mammals (e.g. beaver, muskrat,
mink, otter), and some birds (e.g. ducks and geese, wading birds, kingfisher).
Substantially less information is available to describe the fauna of New River Gorge
tributaries, and Bluestone and Gauley rivers.
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Fish

The New River drainage, including Gauley River and its tributaries, has a native fish
fauna (Table 5) that is distinct from those of the rest of the Ohio River system (Jenkins
and Burkhead 1994). This unique native faunais composed of relatively few species,
with a high proportion of these native species being endemic (species with their native
range restricted to a certain geographic area; Lincoln et al. 1982). New River above
Kanawha Falls has only 46 native species. Thisisthe lowest number of native species,
and the lowest ratio of native species to drainage area, anong 26 drainage systemsin the
eastern United States (Sheldon 1988), and is far lower than the number of native species
found in adjacent river systems (Jenkins and Burkhead 1994). For example, the
Kanawha River below Kanawha Falls has 90 native species. Also, there are eight
endemic species (17.4% of the fauna) in New River, while there are no endemic species
in Kanawha River below the falls. Among drainages in the eastern and central United
States, only the Mobile River drainage has a higher proportion of endemic species, and
no drainage east of the Rocky Mountains has a higher number of endemic species.

The uniqueness of the New River faunais attributable to the relative isolation of the New
River system from adjacent river systems. A major factor isolating New River from
other drainagesis the 23-25 feet (7.0-7.6 meters) high Kanawha Falls (Sheldon 1988).
These falls are located about two miles (three kilometers) below the confluence of the
New and Gauley Rivers. While the name of the river does not change from New to
Kanawha until the confluence, for ecological purposes Kanawha Falls serve as the
boundary between the New and Kanawha Rivers (Jenkins and Burkhead 1994).
Kanawha Falls have been a significant, although not complete, barrier to upstream
migration of fishes since the Pleistocene.

The low number of fish speciesin the New River system is not due to loss of New River
species, but rather lack of accrual of species from these other river systems (Jenkins and
Burkhead 1994). Fish species have entered the New River system by overcoming
Kanawha Falls, and by stream capture from adjacent watersheds.

Ascent or bypass of Kanawha Falls (and to alesser extent New River Gorge and
Sandstone Falls) is considered the primary mode of entry to New River (Jenkins and
Burkhead 1994). Apparently this was achieved most easily during Pleistocene glaciation.
Some of the northern ice sheets reached to the vicinity of the confluence of New and
Gauley Rivers. Theseice sheets formed alarge ice dam on Teays River, creating Teays
Lake. Teays L akeinundated Kanawha Falls, and fish species were able to establish
viable populations above this barrier. Because of the cool climate prevalent during
Pleistocene glaciation, most native New River fishes are adapted to, or tolerant of, cool
water.

Hocuitt et al. (1978, 1979) speculated that during the Pleistocene, some fish species might
have reached the New River by first ascending Gauley River, which at that time was
more accessible than New River Gorge. Once in the Gauley River system, some of these
fish species then entered Greenbrier River system by stream capture. Having reached the
Greenbrier system, these fish species then dispersed down Greenbrier River, and up into
the upper New River drainage. Also, some of these fish species then entered the James
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River and other Atlantic Slope drainages by stream capture. Since these publications,
and another based partly on this research (Hocuit et al. 1986), these hypotheses have
come into question through further research and collecting (Jenkins and Burkhead 1994,
Cincotta et al. 1999), and re-examination of older data (e.g. Addair 1944).

Table 5. Fish species of the New River with taxonomic classification, common name,

and distribution status. Modified from Jenkins and Burkhead (1994).

Family Genus and species Common name Distribution
Petromyzontidae (lampreys) Lampetra aegyptera least brook lamprey NI
Amiidae (bowfin) Amia calva bowfin I
Anguillidae (freshwater eels) Anguilla rostrata American eel Ma
Clupeidae Alosa pseudoharengus alewife I
(herrings) Dorosoma petenense threadfin shad I
Cyprinidae Campostoma anomalum central stoneroller N
(minnows) Clinostomus funduloides rosyside dace N
Cyprinella galactura whitetail shiner IP
Cyprinella spiloptera spotfin shiner N
Cyprinus carpio common carp I
Erimystax dissimilis streamline chub Ep
Exoglossum laurae tonguetied minnow N
Exoglossum maxillingua cutlips minnow IP
Luxilus albeolus white shiner NI
Luxilus cerasinus crescent shiner IP
Luxilus chrysocephalus striped shiner NI
Luxilus coccogenis warpaint shiner IP
Lythrurus ardens rosefin shiner NI
Nocomis leptocephalus bluehead chub N
Nocomis platyrhynchus bigmouth chub E
Notemigonus crysoleucas  golden shiner I
Notropis buccatus silverjaw minnow N
Notropis chiliticus redlip shiner IP
Notropis hudsonius spottail shiner IP
Notropis leuciodus Tennessee shiner IP
Notropis photogenis silver shiner N
Notropis procne swallowtail shiner IP
Notropis rubellus rosyface shiner N
Notropis rubricroceus saffron shiner IP
Notropis scabriceps New River shiner E
Notropis stramineus sand shiner N
Notropis telescopus telescope shiner I
Notropis volucellus mimic shiner N
Phenacobius teretulus Kanawha minnow E
Phoxinus oreas mountain redbelly dace N
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Catostomidae
(suckers)

Ictaluridae
(catfish)

Esocidae (pikes)
Salmonidae

(salmon, trout, etc.)
Atherinidae (silversides)
Cottidae

(sculpins)

Percicthyidae

(temperate basses)

Centrarchidae
(sunfishes)

Percidae

Pimephales notatus
Pimephales promelas
Rhinichthys atratulus
Rhinichthys cataractae

Scardinius erythrophthalmus

Semotilus atromaculatus

Catostomus commersoni
Hypentelium nigricans
Moxostoma erythrurum
Thoburnia rothoeca

Ameiurus melas
Ameiurus natalis
Ameiurus nebulosus
Ictalurus punctatus
Noturus flavus
Noturus insignis
Pylodictis olivaris

Esox masquinongy

Oncorhynchus mykiss
Salmo trutta
Salvelinus fontinalis

Labidesthes sicculus

Cottus bairdi
Cottus carolinae
Cottus sp.

Morone chrysops
Morone saxatilis

Ambloplites rupestris
Lepomis auritus
Lepomis cyanellus
Lepomis gibbosus
Lepomis gulosus
Lepomis humilis
Lepomis macrochirus
Lepomis megalotis
Micropterus dolomieu
Micropterus punctulatus
Micropterus salmoides
Pomoxis annularis
Pomoxis nigromaculatus

Etheostoma blennioides

bluntnose minnow
fathead minnow
blacknose dace
longnose dace
rudd

creek chub

white sucker
northern hog sucker
golden redhorse
torrent sucker

black bullhead
yellow bullhead
brown bullhead
channel catfish
stonecat
margined madtom
flathead catfish

muskellunge

rainbow trout
brown trout
brook trout

brook silverside

mottled sculpin
banded sculpin
Bluestone sculpin

white bass
striped bass

rock bass
redbreast sunfish
green sunfish
pumpkinseed
warmouth

orangespotted sunfish

bluegill

longear sunfish
smallmouth bass
spotted bass
largemouth bass
white crappie
black crappie

greenside darter



(perches) Etheostoma caeruleum rainbow darter NI
Etheostoma flabellare fantail darter N
Etheostoma kanawhaw Kanawha darter E
Etheostoma nigrum johnny darter N
Etheostoma osburni candy darter E
Etheostoma simoterum snubnose darter NI
Etheostoma variatum variegate darter I
Perca flavescens yellow perch I
Percina caprodes logperch N
Percina gymnocephala Appalachia darter E
Percina oxyrhynchus sharpnose darter N
Percina roanoka Roanoke darter IP
Stizostedion vitreum walleye I

Key to Distribution: N = native; NP = probably native but possibly introduced; | = introduced,;

IP = probably introduced but possibly native; M = marine (catadromous) but occurring within the basin;
E = endemic; Ep = native but extirpated.

Stream capture occurs where accelerated erosion in one drainage breaches the divide with
another drainage. When this happens, channels with higher elevation tend to alter their
course, flowing into channels with lower elevation. Species present in a captured
drainage then have the opportunity to establish viable populations in their new drainage.
Stream capture has been relatively infrequent, and the narrow shape of the New River
watershed indicates that it is more likely to have lost streams than to have gained them in
this manner (Jenkins and Burkhead 1994).

Distribution of members of the genera Phoxinus, Phenacobius, Cottus, and Percina,
suggest dispersal from the upper Tennessee and Cumberland River systems into the New
River system (Jenkins and Burkhead 1994). This probably occurred due to stream
capture along the southwestern divide of the New River system.

Fish species that most likely entered the New River system from Atlantic Slope streams
include mountain redbelly dace, bluehead chub, white shiner, and margined madtom
(Jenkins and Burkhead 1994). These fish are present in the New River system, but not in
the rest of the surrounding Upper Ohio River drainages.

The New River system is not likely to have captured streams (and fish species) from
other surrounding Ohio River tributary drainages (Jenkins and Burkhead 1994). At least
12 upland taxa present in these middle and upper Ohio River drainages are not found in
the New River drainage.

Asaresult of the relatively species-depauperate native fish fauna of the New River
system, it has been extremely susceptible to invasion by new species, and is not presently
in a state of equilibrium (Jenkins and Burkhead 1994). The New River system has the
largest number (43) and proportion (48%) of introduced fish species among major eastern
and central North American drainages (Jenkins and Burkhead 1994). Introduction of new
fish species to the New River system continues. The most recent addition to the New
River faunaisthe rudd, a minnow native to Europe (Easton et al. 1991). Collections
made during the USGS NAWQA program noted range extensions in the New River
system for several introduced fish species (Cincotta et al. 1999).
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One factor that appears particularly important in the introduction and spread of non-
native speciesis the dumping of bait-buckets by anglers (Dan Cincotta, West Virginia
Division of Natural Resources, personal communication 1998). Several of the non-native
species that are expanding their ranges in the New River system (least brook lamprey,
telescope shiner, whitetail shiner, spottail shiner, margined madtom, and variegate darter)
are probably benefiting from bait-bucket dumping (Cincottaet al. 1999). These
introductions and range expansions are probably having a negative impact on native
Species.

Non-native species are thought to decrease biotic integrity (Miller et al. 1988). In the
New River system, several endemic species are believed by some biologists to be at risk
of competitive exclusion from non-native species. Five of the endemic species
(bigmouth chub, New River shiner, tonguetied minnow, Appalachia darter, and candy
darter) have been collected from West Virginia, including streams that cross parklands.
These fish are considered “ Species of Concern” by West Virginia Division of Natural
Resources’ Natural Heritage Program (West Virginia Division of Natural Resources
1990). The New River drainage has been likened to an unplanned experiment in
interactions among introduced fish species (Jenkins and Burkhead 1994). Information
collected in the near future may be of great value in interpreting the results of this
experiment (Cincotta et al. 1999).

Not all of the fish species found within the New River watershed are known to occur
within the three parks. Stauffer et al. (1980) collected 36 species from New River within
New River Gorge. An additional 22 species were collected from the rest of the New
River system within the Appalachian Plateaus physiographic province, and alist of 17
more species not collected but believed to occur in that region was provided.

Stauffer et al. (1980) collected 30 species from Bluestone River and itstributaries. Not
all of these collections were made within Bluestone National Scenic River.

Hocuitt et al. (1979) collected 50 species, and listed 58 known species, from the Gauley
River drainage. Four sites within or adjacent to Gauley River National Recreation Area
yielded 27 species. Nineteen species were collected from Meadow River (3 sites)
downstream from Anglins Creek. Anglins Creek enters Meadow River alittle over three
miles (5 km) upstream from the Gauley River National Recreation Area boundary.

Within their geographic ranges, some fish species have a broad distribution, while other
species have distributions that are controlled by stream type and available habitat
(Jenkins and Burkhead 1994). Widespread in most stream types of the New River system
are longnose dace, central stoneroller, white shiner, white sucker, and northern hog
sucker. Widespread in smaller streams are brook trout (restricted to cold water), rosyside
dace, blacknose dace, creek chub, mottled sculpin, and fantail darter. Widespread in
larger streams, chiefly New River, are tonguetied minnow, bigmouth chub, spotfin shiner,
silver shiner, rosyface shiner, mimic shiner, bluntnose minnow, channel catfish, flathead
catfish, greenside darter, sharpnose darter, logperch, and Appal achia darter.

Microhabitat use by New River fishes has been studied within New River Gorge National

River (Lobb and Orth 1987, 1988, 1991). Five habitat-use guilds were identified for New

River fishes. The edge-pool guild included bluntnose minnow, logperch, young-of-year
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(YQY) and juvenile northern hog sucker, smaller white and striped shiners, white
crappie, and all sizes of spotted bass and sunfish, and mimic, spottail, and spotfin shiner.
The middle-pool guild included common carp, adult flathead catfish, channel catfish, and
muskellunge. Theriffle guild included adult bigmouth chub, rainbow and sharpnose
darters, YOY flathead catfish, telescope shiner, rosyface shiner, and large white and
striped shiners. The edge-channel guild included Y OY smallmouth bass, greenside and
Roanoke darters, central stonerollers, and YOY bigmouth chub. The generalist guild
included juvenile and adult smallmouth bass, and all sizes of rock bass.

Some habitat uses varied with time of day. Adult flathead catfish and northern hog
suckers were found in riffles at night but not during the day. Central stonerollers and
smallmouth bass were more common in riffles during the day, while rock bass were more
abundant at night.

Lobb and Orth (1988) examined habitat requirements of bigmouth chub in New River.
These fish used shallow (0.15-0.75 m), moderate velocity (0.05-0.69 m/s) areas with
abundant small to large gravel (3-64 mm diameter) for constructing spawning mounds.
Spawning began in mid-April, apparently peaked in mid-May, and ended in mid-June.
Other minnows, including central stonerollers and striped shiners, spawned in bigmouth
chub nests. During late summer, bigmouth chub were observed only in riffles and
adjacent runs. They stayed near the bottom, where current velocities were lower.

Graham and Orth (1986) found that New River smallmouth bass spawned between late
April and mid-July. During thistime, mean daily water temperatures ranged from 12.5 to
23.5C (54.5t0 74.3 F). Spawning activities were interrupted by flooding in June, and
resumed as water levels receded. Frequency distributions of spawning dates were nearly
identical among study sites, as was the timing of hydrologic events. Mean daily water
temperature explained most of the variation among groups of daily stream conditions
related to spawning activities.

Austen (1984) and Easton et al. (1995) examined feeding by New River smallmouth
bass. Fish between 152 mm and 228 mm (6 — 9 in.) fed mainly on insects. Fish between
229 mm and 304 mm (9 — 12 in.) consumed more crayfish and fish in the West Virginia
section of New River, while fish in the Virginia section still consumed a sizable
proportion on insects. Diets of fish larger than 304mm consisted almost entirely of fish
and crayfish.

Austen (1984) and Austen and Orth (1988) compared characteristics of smallmouth bass
populationsin Virginiaand West Virginia sections of New River. West Virginiafish
grew faster at all ages except for age 2 than did Virginiafish. Thisresulted in West
Virginiafish being larger at age five, averaging 331 mm (13 in.), versus 280 mm (11 in.)
for Virginiafish. Relative weight (weight at a given size) was greater for West Virginia
fish in one year of the study, but results were inconsistent in the second year.

Asin many other aquatic ecosystems, temperature is an important factor governing the
distribution of fishes and other aquatic organismsin New River (Stauffer et al. 1976).
Cherry et al. (1977) examined temperature preference and tolerance in several minnow
species from the New River system. Fina temperature preferences were 21 C for
telescope shiner, 26.1 C for rosy shiner, 26.2 C for fathead minnow, 26.6 C for central
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stoneroller, 28.4 C for bluntnose minnow, and 31.0 C for spotfin shiner. Shingleton et al.
(1981) found the final temperature preference of New River shiner was 19.3 C.

The Index of Biotic Integrity (IBI) proposed by Karr (1981) has been widely used to
assess the status of fish communities, and to evaluate the impacts of human influences on
those communities (Hocutt 1981). The original model must often be modified to
accommodate local differences. Leonard and Orth (1984) developed and tested an IBI
for streams tributary to New River within New River Gorge National River.

Determining the effects of river regulation on fish populationsin New and Gauley Rivers
is problematic, since no quantitative pre-regulation data exist. Many New and Gauley
River fish species need gravel barsto spawn. Gravel bars are present, and new gravel
bars are being formed, in the deposition zone of inflows from unregulated tributaries.
The Bluestone and Meadow rivers are unregulated, as are the minor tributaries. The
presence of a major unregulated tributary, Greenbrier River, just upstream of New River
Gorge National River, provides periodic high flowsto the New River sufficiently
powerful to move gravel and cobble about the stream bottom. Likewise, the Meadow
River provides periodic high flows to Gauley River reach below their confluence. Only
the reach of the Gauley River upstream from Meadow River to Summersville Damis
almost completely regulated (with the exception of some minor tributary inflow).
However, even its higher flows from dam releases can shift the river substrate, asis
evidenced by changes common in the stage-discharge rating of the USGS gauge
downstream from Summersville Dam (John Atkins, U.S. Geological Survey, personal
communication 1999). Itisunlikely that any native fish species was extirpated from the
New River system because of impoundment (Jenkins and Burkhead 1994).

The New River within New River Gorge National River isone of the most important
warm-water fisheriesin West Virginia. New River contains excellent warm-water fish
habitat, with a pool-riffle geomorphic structure, abundant cover, and generally good
chemical quality. New River game fish include muskellunge, channel and flathead
catfish, white and black crappie, several species of sunfish, smallmouth, spotted, and
largemouth bass, and walleye (National Park Service 1994a). The earliest surveys of the
New River system reported few game fish (Cope 1868). Most game fish presently found
in the New River system were deliberately introduced, and only four game fish species,
American edl, channel and flathead catfish, and green sunfish are recognized as native
(Jenkins and Burkhead 1994).

Fishes were also surveyed as part of EPA’s EMAP program. This datais available on-
line (< http://www.epa.gov/emap >), and was summarized in general termsin the Mid-
Atlantic Highlands report (Environmental Monitoring and Assessment Program 2000).

Other Vertebrates

Terrestrial vertebrates are abundant and diverse in riparian zones near Bluestone, New,
and Gauley Rivers (Pauley 1993). A 1987 biological survey of New River Gorge
documented over 100 species of birds, 30 species of small mammals, and 41 species of
amphibians and reptiles (Buhlman et al. 1987). The actual number of bird and mammal
species in these areas is expected to be about twice what this study found (John Perez,
New River Gorge Nationa River, personal communication 2001). Beaver (Castor
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canadensis) and muskrat (Ondatra zibethicus) were found during the survey. Several
species of ducks (Anatidae), Canada geese (Branta canadensis), great blue and green-
backed herons (Ardea herodias and Butorides striatus), osprey (Pandion haliaetus), and
kingfishers (Ceryle alcyon) are among the birds that spend a substantial amount of time
in or near the water. Recently, river otter (Lutra canadensis) have been introduced into
the New River area (Curtis Taylor, West Virginia Division of Wildlife Resources,
personal communication 1997).

Several reptiles are generally found inor near water (Green and Pauley 1987). Water
snakes (Nerodia sipedon) and queen snakes (Regina septemvittata) frequent streams and
arefound in New River Gorge. Snapping turtles (Chelydra serpentina), map turtles
(Graptemys geographica), painted turtles (Chrysemys picta), eastern river cooter
(Pseudemys c. concinna), and spiny softshell (Trionyx spiniferus) are known from New
River Gorge or nearby areas. All four of these turtles spend much or most of their timein
or near water, but none of them are abundant. Bones of the eastern river cooter were
found at an archeological site near Bluestone Lake, confirming that this speciesis native
(Seidel 1981, 1982).

Several amphibians are also common to abundant in the New River Gorge area (Green
and Pauley 1987, Pauley 1993). Among the toads and frogs are spring peeper
(Pseudacris cruciferans), gray tree frog (Hyla versicolor or H. chrysoscelis), green frog
(Rana clamitans melatona), bullfrog (Rana catesbeiana), and American toad (Bufo a.
americana).

Several permanently aquatic salamanders are found in New River Gorge or surrounding
counties (Green and Pauley 1987). The hellbender (Cryptobranchus alleganiensis) isa
large (up to 20 inches) salamander that prefers cool, clear, mountain streams.
Hellbenders are of specia scientific interest in West Virginia (West Virginia Division of
Natural Resources 1990). Although they are nocturnal and hide during the day, they
respond strongly to electric current and are occasionally seen by electrofishing crews.
Adult red-spotted newts (Notopthal mus viridescens) are common and abundant in New
River and nearby streams. Three stream salamanders of genus Desmognathus are found
in small streams of New River Gorge: the northern dusky salamander (D. f. fuscus), the
Appalachian seal salamander (D. m. monticola), and the blackbelly salamander (D.
guadramaculatus). Blackbelly salamanders are commonly used as fish bait, and are
sometimes harvested by bait dealers. They are thought to be declining in abundance.
Other stream salamanders of the area include the spring salamander (Gyrinophilus
porphyriticus), northern red salamander (Pseudotriton r. ruber), northern two-lined
salamander (Eurycea bisineata), and longtail salamander (Eurycea l. longicauda), all of
which are found in springs or small headwater streams.

Invertebrates
Mollusks

Seven species of live mussels (Unionidae), and shells of an eighth, were collected in New
River Gorge National River during a 1984-85 study (Jirka and Neves 1987). Mussels
were much more common towards the upstream end of the park, decreasing significantly
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below Glade Creek. No living or dead mussels were found in the lower eight miles of
river within the park.

The majority of mussel beds sampled contained aquatic macrophytes, although none were
found in beds downstream of Glade Creek (Jirka and Neves 1987). Cover of vegetation
ranged from O to 28 percent of total bed area. The dominant macrophyte was listed as
water star-grass, Heteranthera dubia. Potamogeton spp. and Elodea canadensis were
also common. The reference to Heteranthera dubis probably refersto Heteranthera
dubia. This species otherwise has not been reported from the park. Since this species,
when not in bloom resembles Potamogeton zosteriformis (Hotchkiss 1972), this latter
species may be the one that was commonly found in the mussel beds.

Mucket (Actinonaias carinata) was by far the most common species found by Jirka and
Neves (1987). It composed over 90% of the individuals collected, and occurred in all
areas where mussels were found. Purple wartyback (Cyclonaias tuberculata) and spike
(Elliptio dilatata) were next most common, comprising approximately four and two
percent, respectively, of the mussel fauna. These species were also present in all mussel
beds. Buckhorn, or pistol-grip, (Tritogonia verrucosa) were relatively common (~2% of
the fauna) above Sandstone Falls, but much less common below this point. Elktoe
(Alasmidonta marginata), wavy-rayed lamp, (Lampsilis fasciola), and pocketbook (Lam.
ovata) were collected in very small numbers. Shells of wavy-rayed lamp and pocketbook
were collected in many mussel beds where no live individuals of these species were
found. Shells of green floater (Lasmigona subviridis) were also collected during the
survey. West Virginialists al native mussels as species of special concern.

Severa other mussels have been collected or reported from the New River Gorge area.
Empty valves of giant floater (Anodonta grandis) have been found immediately below
Bluestone Dam and near the lower end of Brooks Falls (Jirka and Neves 1987). Lilliput
(Toxolasma parvus) has been collected in the lower New River only near the mouth of
the Gauley River (Jirkaand Neves 1987). A single specimen of rainbow (Villosai. iris)
was reported from Bluestone River (Tolin 1985). Mapleleaf (Quadrula quadrula) was
reported from Sandstone Falls, but this report is questionabl e because no other record
exists for this species from the entire New River drainage (Jirka and Neves 1987). In
2002 asingle live mapleleaf was positively identified from the New River in the
Stonecliff area.

An exotic bivalve mollusk, the Asiatic clam (Corbicula fluminea), has become well
established in New River since at least 1975 (Rogers et al. 1979). Population numbers,
biomass, and production of this organism probably greatly exceed those of all native
mussels. Unlike Unionidae, Corbicula have ciliated, free-swimming larvae (Pennak
1989). Therefore they do not require a specific fish host to complete their life cycle.
Another invasive exotic, the zebramussel (Dreissena polymorpha) has not yet been
reported in New River (U. S. Geological Survey 1999). Zebramussels are well
established in Kanawha River and could easily be introduced to heavily boated Bluestone
Lake at any time. No recent, detailed studies have been made of the mussels of
Bluestone or Gauley Rivers.

Like the fish fauna, the unionid mussel fauna of New River isrelatively depauperate. In
Kanawha River downstream from Kanawha Falls, 34 species, including the federally
62



listed endangered pink mucket (Lam. orbiculata), have been described. Some of the
same barriers that prevented fish migration also may have prevented mussel migration.
Also, unionids require specific fish hosts to complete their life cycle, so the depauperate
nature of the fish community of New River may contribute to the depauperate mussel
community.

All native North American mussel larvae are obligate temporary parasites of fish (Pennak
1989). Thislarval form, termed aglochidium, isasmall (Iess than %2 mm), superficia
copy of the adult. After being expelled by the parent, the glochidium lies on the bottom
until contacted or taken in by afish. Those that do not find a host within several days
die. The glochidium becomes attached to the gills, fins, or body surface of the host.
Tissue from the host grows around the glochidium within a day or two, forming a small
cyst. Thereislittle evidence that this infestation harms fishes in natural habitats. During
the encysted stage, which lasts from 10 to 190 days depending on species and
temperature, most of the adult organs develop, although the larva does not grow in size.
Asthe larva completes this stage, it breaks out of the cyst, settles on the bottom, and
begins the juvenile phase of itslife. This stage |asts from one to eight years, depending
on species, until sexual maturity is attained.

Mussels feed by filtering particles out of the water (Pennak 1989). They are the
dominant filter feeders in many shallow-water ecosystems (Strayer et al. 1999), filtering
large amounts of water (Lauritsen 1986, Kryger and Riisgard 1988, Wallace et al. 1977).
The invasive exotic species, C. fluminea and D. polymorpha, have very high filtering
rates. While such high filtering rates can increase water clarity (Haines 1977), this comes
at the expense of other species that rely on these particles for nutrition. Mussels use
bacteria for their main source of dietary carbon, while diatoms and green algae provide
other important nutritional components, such as vitamins A and D, and phytosterols
(Nichols and Garling 2000).

Little information is available on the aquatic gastropod mollusks (snails) in the New
River system, including the three parks.

Crayfish

Six species of crayfish are known from New River Gorge (National Park Service 1994a).
Five species (Orconectes s. sanbornii, O. virilis, O. spinosus, Cambar us bartonii
carinirostris, and C. sciotensis) are widespread (to differing degrees) in the New River
Gorge area (Jezerinac et al. 1995). A sixth species (O. obscurus) has also been collected
from New River (Markham et al. 1980). The two Cambarus species are also found in the
Gauley River basin, and C. b. carinirostrisis known from Bluestone River. Cambarus
bartonii cavatusis listed as rare upstream from Kanawha Falls, and is found primarily
above 1500 feet of elevation.

The two Cambar us species are considered native. Orconectes virilis was introduced to
Bluestone Lake prior to 1972 (Edmundson 1974). By 1979 O. virilis comprised 90% of
the crayfish collected at five seine sites between Bluestone Dam and Sandstone Falls
(Markham et al. 1980). Itislikely that O. s. sanbornii was introduced to New River at a
later date, as none were collected in 1979. By 1983-1985 they were the predominant
crayfish in the 1.1km below Bluestone Dam (Roell and Orth 1992). Also, O. obscurus
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comprised 3% of the assemblage in 1979 (Markham et al. 1980), but were not collected
in 1984 or 1985 (Roell and Orth 1992). Non-native crayfish were likely introduced to
New River by anglers as discarded or escaped bait (Miller 1997). Introduction of non-
native crayfish into areas inhabited by native species (e.g. Hill and Lodge 1999), along
with the restricted ranges of most crayfish, are major factors in about 50% of U.S. and
Canadian crayfish being in need of conservation recognition (Taylor et al. 1996).

Several other crayfish species have been collected or reported near the parks. The New
River crayfish (C. chasmodactylus) is a species of special concern (West Virginia
Division of Natural Resources 1990). Although Jezerinac et al. (1995) considered C.
chasmodactylus restricted to the Greenbrier River basin, this species has been reported
from the Bluestone (Hobbs 1989) and East (James 1966) rivers. There are reports of C.
longulus in the Valley and Ridge physiographic province of the New River Basinin
Virginia (Jezerinac et al. 1995). According to Hobbs (1989), this speciesis found in the
mountains and piedmont of Atlantic coast drainage systems. Therefore a specimen in the
New River in West Virginiawould likely be arecent bait bucket introduction. There are
also reports of C. veteranus, another species of special concern, from the upper Bluestone
River Basin, but not from other streams in the vicinity of the parks (Jezerinac et al.

1995). This species had previously only been collected in the Guyandot and Big Sandy
River drainage systems, but the limits of its range are very indefinite and poorly known
(Hobbs 1989). Cambarus robustus, widespread throughout the northeastern United
States (Hobbs 1989), is common downstream from Kanawha Falls. Although a disunct
population has been reported from the Greenbrier River Basin, it is not known throughout
most of the New River drainage (Jezerinac et al. 1995). Cambar us necterius, another
species of special concern, is endemic to caves of the Greenbrier River system in the New
River Basin (Hobbs 1989).

Crayfish are alarge part of asignificant bait fishery that existsin New River between
Bluestone Dam and Sandstone Falls (Nielsen and Orth 1988). Annual harvest by anglers
and commercial bait catchers was about 5% of annual production (Roell and Orth 1992).
Overall crayfish production in this reach was about 7.0 grams live weight per square
meter per year (Roell and Orth 1992). About half the production was by C. sciotensis,
and therest by O. virilisand O. s. sanbornii.

Benthic Macroinvertebrates

The NPS Long Term Ecological Monitoring System (LTEMS) is the primary source for
recent benthic macroinvertebrate datafor New River in New River Gorge. Prior to 1998
LTEMS sampled five sites: Bluestone Dam, Sandstone Falls, Prince, Thurmond, and
Fayette Station. Fayette Station was dropped after 1997 due to lack of suitable habitat,
and safety concerns for sampling staff and the recreational public.

The collections discussed below were made from 1988 to 1990 (V oshell and Orth 1995).
Invertebrates were most abundant at Bluestone Dam. At least 12 families were present.
Two families, Hydropsychidae (net-spinning caddisflies) and Chironomidae (midges)
together accounted for almost 90% of the community. The Sandstone Falls community
was more balanced with a greater variety of families than at any other site. Usually,
seven families accounted for more than one percent of the community. Hydropsychidae
(30%) were most abundant. Midges (10%) were much less abundant than at Bluestone
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Dam. Three mayfly families (Oligoneuriidae, Baetidae, and Ephemerellidae) together
comprised about 40% of the community. Also present in substantial numbers were riffle
beetles (EImidae) and gill breathing snails (Pleuroceridae). Fourteen invertebrate
families were collected at Thurmond. Baetidae (50%), midges (15%), and Pleuroceridae
(10%) were most abundant. Fayette Station had the lowest taxa richness (8 families) of
the five sites. Heptageniid mayflies (25%), Elmidae (25%), and midges (20%) were most
abundant.

Voshell and Orth (1995) also calculated production at the Bluestone Dam and Sandstone
Falls sites for taxa that occurred in sufficient numbers to allow such calculation.
Abundant taxa at Bluestone Dam were Baetis intercalis, Heterocloen curiosum,
Cheumatopsyche campyla, Smuliumjenningsi, S. vittatum, and Chironomidae.
Abundant taxa at Sandstone Falls were B. intercalis, Serratella deficiens, Tricorythodes
sp., C. campyla, Oecitis sp., S. jenningsi, and Chironomidae.

The USGS NAWQA program collected invertebrates from seven sites within or near
parklandsin 1997 to 1998. These sites were Bluestone River at Spanishburg (above
BLUE), Camp Creek at Camp Creek (above BLUE), Little Bluestone River at Jumping
Branch (above BLUE), New River at Thurmond (in NERI), Mill Creek near Hopewell
(above NERI), Millers Creek at Nallen (above GARI), and Peters Creek near L ockwood
(above GARI). Taxonomic information and abundance are presented in Ward et al.
(1999).

Other benthic macroinvertebrate data collected in the New River Gorge area usually are
presented in the form of qualitative indices (West Virginia Department of Environmental
Protection 1998). The West Virginia Division of Environmental Protections collects
benthic invertebrate data from small streams around the state, rotating watersheds on a 5-
year cycle. The U.S. EPA’s Rapid Bioassessment Protocol (RBP) 11 is used, with
laboratory identification (Janice Smithson, West Virginia Division of Environmental
Protection, personal communication 1999). Taxonomy data are archived and available
for analysis beyond the qualitative assessments of stream impairment. Parklands are split
among three watersheds, Upper New (including Bluestone River), Lower New, and
Gauley. The Gauley watershed was sampled in 1997, and the Lower New watershed was
sampled in 1999.

The EPA’s EMAP collected benthic invertebrates using RBP |1 protocols as part of the
Mid-Atlantic Highlands Assessment. Some of this data was collected by personnel from
the West Virginia Division of Environmental Protection. The datais available on-line (<
http://www.epa.gov/emap >), and was summarized in general termsin the Mid-Atlantic
Highlands report (Environmental Monitoring and Assessment Program 2000).

Floodplains, Riparian Areas, and Wetlands

Floodplains, riparian areas, and wetlands occur at the interface between land and water.
Collectively these areas represent only asmall proportion of the landscape in the three
parks. However, their hydrologic and ecological importance is very significant (Buhlmann
et al. 1987, Naiman et al. 1993). Individually and collectively, these areas provide many
critical functionsincluding water supply, maintenance of water quality, flood attenuation,
essential habitats for flora and fauna, and maintenance of biodiversity.
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Floodplains

Flood profiles, inundation maps, and floodway determinations are available for some of
the New, Gauley, and Bluestone Rivers within park boundaries. The Federa Emergency
Management Agency (FEMA) isthe primary source for obtaining flood information, and
USGS has aso published flood data for park areas.

New River Gorge Nationa River falls within the Summers and Fayette county FEMA
studies (Federal Emergency Management Agency 1980, 1988). Flood profiles for the 10-,
50-, 100-, and 500-year recurrence intervals were computed, inundation maps for the 100-
and 500-year events were prepared, and the floodway was determined for New River from
the upstream park boundary to the Fayette-Summers County line. New River in Fayette
County was not studied by FEMA. Portions of streams within New River Gorge National
River boundaries tributary to New River studied by FEMA include Brooks Branch, Kates
Branch, Laurel Creek, Lick Creek, Meadow Creek, Mill Creek, Wolf Creek, and Dunloup
Creek (Federal Emergency Management Agency 1980, 1988). The USGS determined 2-,
25-, and 100-year flood profiles for New River within New River Gorge National River
boundaries, but no inundation map was prepared, nor floodway determined (Wiley and
Cunningham 1994). Portions of streams tributary to New River within New River Gorge
National River studied by USGS include Wolf Creek, Craig Branch, Manns Creek,
Dunloup Creek, and Mill Creek (Wiley 1994).

Gauley River National Recreation Area falls within the Fayette and Nicholas County
FEMA studies (Federal Emergency Management Agency 1988, 1991). Neither Gauley
River, nor any Gauley tributaries, was studied by FEMA within park boundaries. The
USGS has not published any flood data within park boundaries.

Bluestone National Scenic River falls within the Summers and Mercer county FEMA
studies (Federal Emergency Management Agency 1980, 1995). Bluestone River was
studied from the upstream park boundary to the Mercer-Summers county line. Flood
profiles for the 10-, 50-, 100-, and 500-year recurrence intervals were computed,
inundation maps for the 100- and 500-year events were prepared, and the floodway was
determined. The Bluestone River within the park boundary was not studied by FEMA in
Summers County. No tributary streams to the Bluestone River within park boundaries
were studied by FEMA. The USGS has not published any flood data within park
boundaries.

Riparian Areas

Natural riparian areas are some of the most diverse, dynamic, and complex biophysical
habitatsin the terrestrial environment (Naiman et al. 1993). The riparian area encompasses
the stream channel between low and high water marks, and that portion of the terrestria
landscape above the high water mark where vegetation may be influenced by elevated
water tables or flooding and by the ability of the soils to hold water (Naiman and Decamps
1997). Thus, riparian areas are ecotones between the agquatic habitat of ariver and the
surrounding terrestrial habitats. The riparian zone may be small in headwater streams. In
mid-sized streams the riparian zone is larger, being represented by a distinct band of
vegetation whose width is determined by long-term (>50 years) channel dynamics and the
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annual dischargeregime. Riparian zones of most large streams are characterized by well-
developed but physically complex floodplains with long periods of seasonal flooding,
lateral channel migration, oxbow lakesin old river channels, a diverse vegetative
community, and most soils (Malanson 1993). These attributes suggest that riparian zones
are key systems for regulating aguatic-terrestrial linkages and that they may be early
indicators of environmental change (Decamps 1993).

Buhlmann and Vaughan (1985) and Buhlmann et al. (1987) characterized riparian areas
within New River Gorge National River, and developed an extensive list of plants
associated with riparian habitats. This summary draws mainly from these descriptions.

Riparian sites in the southern section of New River Gorge, Hinton to Meadow Creek,
consist primarily of small floodplain forests with sycamore (Platanus occidentalis), river
birch (Betula nigra), black willow (Salix nigra) and silver maple (Acer saccharinum)
constituting most of the canopy (Buhlmann et al. 1987). Much of the floodplain forest
has been cleared or altered for farmland, industry, and town and home sites.

A few unusua riparian habitat types occur in the southern section of the Gorge. These
include a site dominated by Virginia pine (Pinus virginiana) and quaking aspen (Populus
tremuloides), and atalus slope near the I-64 bridge over New River that is dominated by
eastern hemlock (Tsuga canadensis) and upland hardwoods. An unusual floral
community, the Appalachian Rivers Flatrock Community, occurs on flat sandstone ledges
at three locations within the park. This community includes several rare sedges (Carex

Spp.)

Downstream of Meadow Creek, the river channel narrows, stream gradient increases, and
wide floodplain habitats are sparser. Rock rip-rap habitats predominate, with only a
narrow band of riparian hardwoods separating the river from the upland forest. Wider
floodplains are found at the confluence of major tributaries, such as Glade Creek in
Raleigh County. Downstream from Thurmond, large talus blocks of sandstone from the
cliffs above become the dominant riparian shoreline.

Tributary riparian areas were characterized primarily by hemlock, yellow birch (Betula
lutea), red maple (Acer rubrum), and buckeye (Aesculus glabra). The common
understory vegetation in these areas included rhododendron and ferns.

Buhlmann et al. (1987) classified riparian areas into the following 10 habitat types (Table
6): mature sycamore; willow; sycamore willow birch; stunted sycamore/willow;
hemlock/rip-rap; riparian Virginian pine; rock riprap; boulder; tributary; and developed.

Other than a cursory understanding of the presence of plant species, the riparian zonesin
the three park units are unstudied. More importantly, it is not known how healthy these
areas are, and if they are functioning properly to afford the park's water resources
maximum ecological protection, given the history of flow regulation.

Similarly, the condition of riparian areas throughout West Virginiais poorly known. In
1997, the West Virginia Division of Environmental Protection initiated an assessment of
riparian habitat integrity on selected watersheds, none of which includes the three parks.
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Plans called for data collection on all state watersheds to be completed by 2001. Riparian
areas would be sampled along the 100-meter reaches that are al'so sampled by the
agency’s existing water quality monitoring program. The assessment uses a modification
of EPA’s Rapid Bioassessment Protocols habitat evaluation procedures (U.S.
Environmental Protection Agency 1989). This modification assesses vegetation present
in each of three categories — canopy, understory, and ground cover; and, assesses stream
surface shading, bank stability, bank vegetation protection, disruptive pressure, and
riparian vegetative zone width.

Wetlands

The West VirginiaDivision of Natural Resource’ s West Virginia Wetlands | nventory
began in 1975. The project inventoried all known channel wetlands, and non-channel
wetlands exceeding 5 acres in area.

The U. S. Fish and Wildlife Service’' s National Wetlands Inventory (NWI) began in 1974.
The primary purpose of the NWI isto produce detailed maps showing the location, type,
and distribution of wetlands. NWI maps wetlands as small as 1/8 acre. For this reason
and others, the West Virginia Wetlands Conservation Plan of 1987 adopted NWI as the
standard for wetlands in the State.

National Wetland Inventory data indicate approximately 14% of West Virginia s total
wetlands are concentrated in two major wetland complexes. One of these, Meadow River
upstream of the Gauley River National Recreation Area boundary, contains 5% of the
State’ s wetlands.

A total of 299 wetlands are delineated on NWI maps for the three parks. The most
dominant wetland types (Cowardin et al. 1988) by numbers include unclassified
(potential wetlands) at 16.7%, temporarily flooded riverine wetlands on unconsolidated
shore (14.7%) or rocky shore (14.4%), permanently flooded riverine wetlands with
unconsolidated bottoms (8.4%), and temporarily flooded, broad-leaved deciduous,
palustrine wetlands (14.7%). As expected, riverine wetlands are the most dominant type
of wetland (37.5%), primarily because of alack of floodplain development in river and
tributary gorges. Riverine wetlands are located in the river channel where the water is
usually flowing, and bounded on the upland side or channel bank. Temporarily flooded
refers to surface water that is present for brief periods during the growing season, but the
water table usually lieswell below the soil surface for most of the season. Seasonally,
flooded refersto surface water that is present for extended periods especially early in the
growing season, but is absent by the end of the growing season in most years.
Unconsolidated shore includes all wetlands that have: 1) unconsolidated substrates with
less than 75% areal cover of stones, boulders, or bedrock; and, 2) less than 30% areal
cover of vegetation. Unconsolidated bottom includes all wetland habitats with at least
25% cover of particles smaller than stones, and a vegetative cover less than 30%. Rocky
shore includes wetlands characterized by bedrock, stones, or boulders that singly or in
combination have an areal cover of 75% or more, and an areal coverage of vegetation of
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Table 6. Riparian Habitat Classifications along the New River Gorge National River
(modified from Buhlmann et al. 1987).

Habitat Major General
Classification Overstory Under story Ground Cover Slope Distribution
Mature Sycamore sycamore poison ivy sand 0-10% Hinton-Thurmond
(SYO) dlippery elm grasses
honey locust self-heal
ragweed
ox-eye daisy
Description: sites of deposition, usualy at bendsin theriver or islands. Occurring on sandy soils, usually little understory,
often as aresult of heavy camping impacts.
Willow (W) black willow sand 0-20% | near Prince
mud
grasses

Description: similar

to above, soils contain more sand. Pure willow stands are not com

mon in the Gorge.

Sycamore Willow honey locust buckeye sand, mud 0-10% | Hinton-Cunard
Birch (SWB) silver maple poison ivy cobble

stinging nettle

ragweed
Description: similar to willow and sycamore usually more cobble in the soil.
Stunted Sycamore/ grasses 0% Glade-Cunard
Willow (SSW) caobble

water willow

Description: cobble and boulder understory, trees stunted growth due to flooding damage, stripped of soil, often

submerged, especially in spring.
Hemlock/Rip-rap hemlock rock 45% |-64 area
(HRR) yellow birch
Description: rock riprap area dominated by hemlocks and upland hardwoods, little understory.
Riparian Virginia virginia pine hazel grasses 0-10% | Hinton—164 bridge
Pine (RVP) river birch ader area
sycamore
Description: small clumps of pineswithin young SWB habitat, an unusual riparian community type.
Rock Rip-Rap red oak rock >30% Meadow Creek —
(RRR) sycamore Fayette Station
river birch

Description: little or

no vegetation, slope usually greater than 30%, common in northern 2/3 of the Gorge.

Boulder (B) sycamore large rock >30% Cunard — Rt 19
yellow birch
sweet gum
Description: large rock boulders, associated with the northern 1/5 of the Gorge where the river is narrow and the slopes are
steep.
Developed (DEV) varied varied grasses 0-20% | Hinton area
bare soil

Description: areasa

ong the river heavily atered by man. Driveways, homes, trailers, and docks are common.

Tributary Stream
Gorges (TSG)

hemlock
yellow birch
buckeye

rhododendron
bracken fern

sandstone
exposed rock

entire Gorge area

Description: usually hemlock and mixed hardwood stands associated with the secondary streams entering the New River
Gorge, sunlight penetration restricted. Similar to upland hardwoods.
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less than 30%. Palustrine wetlands are al nontidal wetlands dominated by trees, shrubs,
and persistent emergents. The palustrine system was developed to group vegetated
wetlands traditionally called by such names as marsh, swamp, bog, and fen (Cowardin et
al. 1979). Broad-leaved deciduous refers to dominant trees such as red maple, American
elm (Ulmus americana), and ashes (Fraxius spp.), among others.

A wetland delineation study (unknown date; in park files) was conducted for the New
River between Hinton and the 1-64 bridge. Wetland delineations were based on available
National Park Service color aerial photographs. These delineations were ground-truthed,
something not done for the NWI maps. For this stretch of New River Gorge, NWI maps
show 49 wetlands representing 11 wetland types. The National Park Service study
delineated 76 wetlands representing 21 wetland types. The dominant type for NWI was
unclassified (potential wetlands) (53%) followed by palustrine (43.4%). For the
National Park Service study dominant wetland types were the broad leaved deciduous
pal ustrine wetlands (43.4%,; either temporarily, seasonally or intermittently flooded),
followed by riverine wetlands (32.9%; either intermittently flooded aquatic beds, rocky
bottoms, or unconsolidated bottoms). Two things are striking: 1) the difference in total
wetlands identified (76 in the NPS study vs. 49 for the NWI maps); and the differencein
the riverine wetlands (32.9% by NPS vs. 3.6% by NWI). The differences are probably
attributable to the ground-truthing of wetland delineations. The 35.5% differencein total
wetlandsis significant for thisreach. If this difference were extrapolated to al three
parks, then the total number of wetlands would be 405.

National Wetland Inventory maps are useful for a general understanding of the potential
areal extent and types of wetlandsthat are present. However, these maps are often based
on outdated aeria photography, not ground-truthed, and the scale (1:24,000) is not
adequate to detect subtle changes that may be occurring with respect to habitat boundaries
or species composition changes, or delineate small wetland types, such as seeps or springs.

Endangered and Rare Species

No aquatic, federally listed endangered or threatened species are known from the
Bluestone, New, or Gauley rivers. West Virginia does not have a state law protecting
endangered species. The West Virginia Natural Heritage Program lists some rare species
as being of special scientific concern (West VirginiaDivision of Natural Resources
1990). One of these species, the candy darter, is endemic to the New River system, and
has been collected from tributaries of Bluestone, New, and Gauley Rivers. An extensive
survey of streamswhere it had been historically collected showed its populations to
remain fairly well established (D.A. Cincotta, West Virginia Academy of Science annual
meeting, personal communiation 1998). However, it was not collected at al of the
historical sites, including Peters Creek, atributary of the Gauley River National
Recreation Area. The candy darter is thought to be at risk of competitive exclusion from
the closely related, non-native variegate darter, which is expanding its range in the New
River drainage system.

The federally endangered pink mucket pearly mussel is known from the Kanawha River
downstream of Kanawha Falls (about 2 miles downstream from the confluence of New
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and Gauley Rivers). The pink mucket pearly mussel has never been collected from the
New River, and may not be native upstream of Kanawha Falls.

A community of locally rare sedges and other plants, known as the Appalachian River
Flatrock Community (Bartgis 1985, Trianosky 1994, Walton et al. 1997, Suiter and
Evans 1999, Vanderhorst 2000) is known at five sitesin New River Gorge. Three of
these sites are within New River Gorge National River (Rouse and McDonald 1986).
This community is dependent on the scouring evinced by occasional flooding for its long-
term integrity. Operation of dams that reduce this flooding may imperil this community.

PARK DEVELOPMENT AND OPERATIONS

Treatment of wastewater generated by NPS facilities within New River Gorge National
River is handled by several different methods. Wastewater from Canyon Rim Visitor
Center istreated by a sewage treatment facility operated by the park. Thisfacility holds
treated wastewater in sewage lagoons for three to four weeks before releasing it into the
normally dry streambed of an unnamed tributary to New River. A small package plant
discharges treated wastewater from the Thurmond Depot Visitor Center into New River.
Wastewater from NPS headquartersin Glen Jean enters the White Oak Public Service
District collection system, and is treated at their sewage treatment plant just upstream of
the park boundary on Dunloup Creek. Construction has begun on anew visitor center
near the [-64 Sandstone exit. Wastewater from this facility will be treated at a new
sewage treatment plant under construction in the Sandstone area. Septic systems are used
at Camp Brookside near Hinton, Dunglen across New River from Thurmond, and
Grandview. The NPS has constructed of a package plant at Grandview. Park restroom
facilitieswithin New River Gorge National River use aerated vault toilets for waste
storage where water and sewer hookups are not available. Four such facilities arein use,
and three more are planned. A company that is certified by the State of West Virginia
pumps these toilets as needed, and provides the NPS with sludge manifest reportsto
document proper waste disposal techniques (Chris Thompson, formerly New River
Gorge National River, personal communication 1998). Wastewater from arestroom in
Gauley River National Recreation Area below Summersville Damis pumped up to aU.S.
Army Corps of Engineers treatment facility at the dam. Thereis presently no
development in Bluestone National Scenic River that requires wastewater treatment.

The NPs maintains a vehicle repair shop at Dunglen that services vehicles and equipment
for the three parks. Every three months a private cleaning company provides a cleaning
service for greasy parts. The same company transports all waste materials such as used
motor oil, transmission and hydraulic fluids, and paint thinners from the parks as needed.

Snow removal is accomplished by NPS-owned plows and by chemical treatment. The
NPS applies a mixture of urea and sand to sidewalks and roads at Grandview, and to
sidewalks and parking lots at park headquartersin Glen Jean and at Grandview (Chris
Thompson, formerly New River Gorge Nationa River, personal communication 1998).
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STAFFING AND ONGOING PROGRAMS

Staffing

Full-time staff responsible for water-resource management of the three parksincludes a
supervisory resource management specialist, afishery biologist, and three biological
science technicians. Staff duties are outlined below. During summer, additional paid
staff, as well as volunteers, may be temporarily employed. All of these positions fall
under the direction of the Deputy Superintendent for Resource Management and
Planning. A Criminal Investigator, often assisted by law enforcement rangers,
investigates and gathers evidence for prosecution of environmental crimes such asillegal
discharges and dumping. These employees work in the Division of Visitor Protection
under the Deputy Superintendent for Operations.

Staff Duties
Supervisory Resource Management Specialist:

This person has overall supervision and oversight for the Branch of Resource
Management. He/she assigns priorities and workloads and coordinates resource
management efforts within the parks.

Fishery Biologist:

This person serves as program manager/team leader for water resources in the three
parks. He/she sets priorities and coordinates the work effort of the water resources staff.
He/she evaluates ongoing water resource efforts and makes necessary changes, and
identifies data gaps and takes stepsto fill these gaps. He/she evaluates the potential
impact of real and proposed activities, both within and outside the parks, to park water
and aquatic resources. Thisindividual also assistsin field and laboratory efforts within
the water resources program.

Biological Science Technician:

While there is overlap, support, and coordination between these three positions, their
basic duties can be separated. One position functions as manager of the National Park
Service water quality laboratory. He/sheisresponsible for all aspects of the parks water
quality lab. Thisindividual oversees operation and maintenance of the lab, ensures that
necessary equipment and supplies are adequately stocked and in proper working order,
maintains water-quality data, and ensures that water-quality samples and analyses meet
appropriate standards for collection and processing. A second position functions as
manager of the National Park Service aquatic biology laboratory. Thisindividua is
responsible for al aspects of the aguatic biology lab, keeps track of samples collected and
progressin their sorting, enumeration, and identification, ensures that samples and
reference specimens are properly maintained, and oversees seasonal help and volunteers
who are working in the water resources program. This person also assists with field data
efforts of the water resources program. The recently filled third position has been
assigned a variety of specia projects. These projectsinclude update of old databases and

72



development of new ones, designing an aquatic habitat evaluation program, and
management of the storm-event water quality monitoring project funded as a result of the
2001 floods. This person also assists in other field and laboratory work in the water
resources program.

Ongoing Program

Ongoing water resource activities for the three parks include two major efforts, and
several minor ones. The major efforts are (1): water quality monitoring, primarily for
fecal coliform bacteria, and (2): long-term monitoring of New River biota (LTEMS).
Examples of minor efforts include reviewing Clean Water Act Section 404 and Rivers
and Harbors Act Section 10 permit applications, contributing to planning efforts,
coordinating with other agencies, and devel oping other aquatic resource efforts. Some
examples of planning effortsinclude the New River Parkway, Sandstone Visitor Center,
and National Park Service development of campgrounds and other public use areas.
Examples of interagency coordination with federal agencies include consultation with the
U. S. Fish and Wildlife Service and the U. S. Army Corps of Engineers regarding 404
permit applications, and the Corps of Engineers regarding aterations to Bluestone Dam
and its operations. Coordination with state agencies includes West Virginia Division of
Environmental Protection regarding water pollution, and West Virginia Division of
Natural Resources regarding fisheries. The annual water resources budget for the three
parksis approximately $225,000. This amount includes salaries, benefits, training,
travel, supplies, equipment, and services (outside analysis of some water quality
samples).

Baseline water-quality data have been collected in the three parks since 1980. National
Park Service personnel have conducted the program since 1990. This program monitors
fecal coliform bacteria and other parameters (air and water temperature, pH, specific
conductance, turbidity, and dissolved oxygen). Originally collected biweekly, this
sampling effort is currently operating on a monthly (or less) schedule (see below).
Metals (total aluminum, iron, and manganese) and alkalinity are sampled quarterly. A
Hydrolab Datasonde installed in the New River at Thurmond monitors pH, dissolved
oxygen, conductivity, and water temperature every hour between April and October.
These data are collected to establish baseline conditions for park waters, note trends in
park water quality, and help evaluate potential influences of activities within and outside
of the parks on water quality.

Water quality isevaluated regularly at 35 sites -- 25 sites within New River Gorge
National River, and five each for Bluestone National Scenic River and Gauley River
National Recreation Area. Of the five sites for Bluestone National Scenic River and
Gauley River National Recreation Area, three for each park are on the main stem of the
river, and two are on tributaries. For New River Gorge National River there are seven
main stem, 16 tributary, and two spring sites. No tributary is sampled at more than one
location.

In 1998 sampling frequency for baseline water quality evaluation was reduced from
biweekly to monthly. Analysis of previous data showed that most samples were collected
at low flows, with few samples collected during high water. Examination of the data, and
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areview of pertinent literature, indicated a definite hydrologic response for fecal coliform
bacteria. To evaluate this response, the existing water quality monitoring was cut back,
and runoff eventsin one stream, Dunloup Creek, were sample intensely.

The park water quality laboratory analyzes all bacteria samples collected for baseline
water quality monitoring, and those collected for the Dunloup Creek Storm event
sampling program, except for some that are sent to outside laboratories for quality control
purposes, and most metals samples. Some metal determinations were contracted to local
labs (REIC Laboratory and Analabs, Inc.) as a quality control check.

An outside laboratory analyzed water quality samples collected during the 2001 flood.
Thiswas done for two reasons. First, the New River Gorge National River |aboratory
suffered flood damage, and was unusable during thistime. Second, the large number of
samples collected each day would have overtaxed the ability of our laboratory and staff.
The storm-event sampling that is now being conducted as aresult of the 2001 floods is
also using outside laboratories to perform the analyses.

To estimate the total load of the water quality parameters sampled, stream dischargeis
determined for many sites. Continuous stream flow gages (New River at Hinton, New
River at Thurmond) maintained by the U. S. Geological Survey provide discharge
information for New River main stem sites. Gauley River discharge is determined from
U. S. Army Corps of Engineers release data for Summersville Dam. Staff gages
maintained by the U. S. Geologica Survey allow discharge calculations for eight
tributary sites.

Several annual reports summarizing the water quality monitoring program have been
produced (Wood 1990a,b,c, West Virginia Department of Natural Resources 1988,
1989a, Schmidt and Hebner 1991, Hebner 1991, National Park Service 1991, Sullivan
1992a, Gibson 1993, Sullivan 1993a,b, Wilson and Purvis 2000). The most recent report
(Wilson and Purvis 2000) covers the period 1994-1997. A report covering 1998-2000 is
nearing completion. Results from 1998 storm event sampling in Dunloup Creek have
been presented and published (Purvis and Wilson 1999). Some of the water quality data
collected during the 2001 flood event have also been published (Resource A ssessment
Team 2001). A report summarizing the 2002 storm-event sampling isin preparation.

Water quality monitoring for the three parksis viewed as a continuous program that
should be fluid in nature to respond to changing scenarios. When the current storm event
monitoring of Dunloup Creek generates sufficient data to allow reasonable interpretation,
the monitoring program may change again. Whether it will revert to the previous pattern,
or another tack is suggested, will depend on the situation at that time. While repeated
sampling has distinct advantages, maintaining the flexibility to ater the regime as needs
dictate is considered an important part of the program.

Under a NPS contract, Virginia Polytechnic Institute and State University developed
LTEMS (Voshell et al. 1996). This program was designed to determine the effects of Bti
application on, and to provide along-term monitoring program for, New River biota.
The park began LTEMS monitoring in 1991.
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Historically, LTEMS has sampled five sites on the New River: Bluestone Dam,
Sandstone Falls, Prince, Thurmond, and Fayette Station. The Fayette Station site was
dropped in 1998 due to lack of suitable habitat and safety concerns for National Park
Service employees and park visitors. The program includes collection of benthic
macroinvertebrate, fish, seston, and periphyton data. Basic water quality data are also
collected on each sampling date. Identification of biota, and laboratory analyses, are
usually accomplished by National Park Service personnel. Some work has been
contracted to outside experts and organizations.

Sampling usually occurs during the first two weeks of August each year. Thunderstorms,
high water or equipment malfunction may delay onset or completion of sampling.

Several habitats are sampled at each site. Fish are sampled by electofishing for thirteen
10-minute runs. Benthic macroinvertebrates are sampled from cobble-pebble and sandy
pool areas, bedrock and boulders covered with riverweed, and beds of water willow using
standard or especially devel oped equipment and techniques (Voshell et al. 1996). Both
guantitative and qualitative samples are collected for macroinvertebrates. Quantitative
samples are used to generate various community structural and functional indices
(metrics). Qualitative samples are used to determine the total number of species, and
their identity, existing in agiven habitat. Periphyton is scraped from smooth cobbles, and
seston is collected in plastic bottles held in the current.

Most fish are identified, weighed, and measured in the field, and returned to the river.
Those that can’t be accurately identified in the field, usually small minnows, are
preserved and returned to the National Park Service laboratory for later identification.
Macroinvertebrates are preserved in the field and returned to the National Park Service
lab for removal from vegetation and debris (“bug picking”), sorting, and identification.
Periphyton and seston samples are returned to the laboratory for chlorophyll analysis and
biomass determination.

Data gathered from the monitoring program were input into a database designed
specifically for LTEMS (Virginia Polytechnic Institute and State University 1994). This
program, written in dBase, became unserviceable, so National Park Service personnel
developed a new database in Microsoft Access. Data also are entered into Microsoft
Excel worksheets to serve as abackup. A report summarizing data through 1990 has
been produced (Voshell and Orth 1995), and another report summarizing more recent
datawas recently completed (Voshell and Orth 1999). Exhaustive statistical analysis of
data through 1995 has also been completed (Smith and Marini 2000). No LTEMS data
have been uploaded to STORET.

Several problems have been identified with LTEMS. As noted above, the original
database program is no longer usable. Until a new database program can be devel oped,
analyses of existing datawill be slowed. Until recently there was a backlog of
unidentified fishes. These fishes have now been identified, and analysis of all of the fish
data collected in this program began in 2002.

The most critical problem identified with LTEM S isthe time required for |aboratory
processing of benthic macroinvertebrate samples. Previously, an attempt was made to
remove all organisms from each sample. Thiswas extremely labor-intensive, and
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resulted in a serious backlog of samples collected but not yet completely processed.

| dentification of some samples from 1995-96 was contracted out, and this information
was received in early 2002. Samples for 1997-1999 have been picked but not identified.
Samples from 2000 and 2001 await picking, sorting and identification. This backlog has
slowed sample analyses and interpretation, and prevents New River Gorge National River
staff from undertaking other activities.

Action is being taken to alleviate the benthic macroinvertebrate sample backlog. Chief
among these is subsampling. A subsampler has been constructed and isin use. This
reduces the portion of each sample that must be picked, sorted, and identified. This
improvement has dramatically decreased sample processing time. Subsampling should
not significantly change the indices calculated to evaluate biotic changes. Some samples
already picked will also be subsampled prior to identification. These sampleswill be
used to test the impact of subsampling on community indices.
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WATER RESOUCE ISSUES AND
RECOMMENDED ACTIONS

This plan addresses 11 selected water resource issues. These issues evolved from a
Water Resources Scoping Report (National Park Service 1996a). Each issue was
categorized as high, medium, or low priority at a scoping meeting attended by interested
federal, state, and local government agenciesin September, 1997. To address these
issues, a number of recommended actions were developed. These recommended actions
will not resolve al of the water resource issues for the parks. However, they describe
steps that should be taken to help resolve these issues. This planisintended asa*living”
document. As such, the parks can make appropriate revisions to the plan as more
information becomes available, issues change or arise, and different or modified actions
become necessary.

For the most part, the issues identified in this plan may be considered programmatic.
They relate to the need for understanding park water resources, the impacts that various
activities have on those resources, and the role the parks and their water resources play in
the region. Addressing these issues will require expanding baseline knowledge of park
water resources, long-term monitoring of those resources, developing a greater
understanding of land use activities inside and outside of park boundaries, and interacting
with outside entities and individuals. Addressing the issues presented in this plan
requires long-term commitment and support. Expending the efforts and funds necessary
to accomplish the recommended actions will provide the necessary foundation for
making well informed, scientifically based, issue-oriented management decisions.

The four high priority issues are sewage pollution, water-quality data collection and
management, fishery management, and Bti application to remove black flies. The four
medium priority issues are silvicultural activities, agricultural and urban runoff, coal
mining and oil and gas development, and future development. The three low priority
issues are impoundments, floodplain management, and hazardous waste spills and waste
sites.

Among these issues, water-quality data collection and management is unique, because it
is an operational issue within the parks, rather than aland or water use that causes stress
in park stream ecosystems or to other natural resources. Four recommended actions
addressthisissue. These are:

Technical Evaluation of Water Quality Monitoring Program

Determine Streamflow Characteristics of New River Tributary Streams

Develop Long-term Monitoring Program for Gauley River National Recreation
Area

Evaluate the Long-term Monitoring Program in New River Gorge National River.

Among the land- and water- use issues, pollution resulting from improper sewage
disposal is clearly the greatest concern. Improper sewage disposal, both within and
outside park boundaries, resultsin bacterial contamination of park waters, and may

77



present a health risk to park users and employees. Three recommended actions will help
managers and scientists understand the human health risks and effects of bacterial
contamination in park waters. These are:

Microbial Reconnaissance of New River Gorge National River

Epidemiological Survey of Recreational Water Users in the New and Gauley
Rivers

Determine Animal Sources of Fecal Bacteriain New River Tributaries.

No action is recommended to remediate improper sewage disposal. Although the need is
obvious, thereis no direct way for the National Park Serviceto directly solvethis
problem. Indirectly, however, the National Park Service can act to alleviate this threat.
Activities such as educationa programs and materials presented at visitor centers and to
schools and the media are one way to work toward eliminating improper sewage disposal.
Coordination with other agencies, particularly the West Virginia Department of
Environmental Protection, since it has enforcement authority over water pollution, is
another way. The National Park Service also can seek out, and work with, partners (e.g.
National Small Flows Clearinghouse, Canaan Valley Institute, and local watershed
groups) that might be able to obtain funding for remediation. For example, the National
Small Flows Clearinghouse has the mission of designing and piloting effective alternative
methods of sewage treatment for rural areas and small communities (National Small
Flows Clearinghouse 1999). The Nationa Park Service can offer their local knowledge
and expertise, long-term bacteria data, and water quality monitoring abilities to potential
partners.

With a professional aguatic ecologist and a staff of technicians, the National Park Service
is well equipped to address the fishery management issues. In part due to this in-house
expertise, 10 recommended actions address thisissue. These are:

Historical Fisheries Data Mining

Inventory Fishes of Gauley River National Recreation Area

Inventory Fishes of Bluestone National Scenic River

Monitor Status and Distribution of Fishesin New River Gorge National River
Determine Impacts of Two Fishery Management Methods on Stream Ecosystems
Determine Diets of Exotic Trout in New River Gorge Tributary Streams
Evaluate Impacts of Exotic Trout on New River Tributary Ecosystems

Inventory Biological Resources of New River Tributaries

Outreach to Anglers on the Effects of Bait-Bucket Fish Introductions

Determine Status and Trends of New River Crayfish Community.

The application of the bacterial insecticide Bti to kill black fliesis an issue almost as old
as New River Gorge National River. Contention over thisissue led to a court suit, and
then to special congressional action that established the spraying program and the
National Park Service'slong-term monitoring of the impacts of the spraying. One action
recommended under the water-quality data collection and management issue (Evaluate
the Long Term Monitoring Program in New River Gorge National River) also addresses
thisissue. One other recommended action specifically addresses baseline information
needed to examine an unexplored potential impact of Bti application. Thisactionis:
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Determine Status and Trends of New River Mussel Community.

Two recommended actions specifically address one of the medium priority issues.
Several actions that address water quality data collection and management also address
all medium priority issues via the monitoring of water quality to address land use
impacts. The two recommended actions that are presented address the issue of mineral
development. These are:

Monitor Effectiveness of Wolf Creek AMD Treatment
Determine Partitioning of Polycyclic Aromatic Hydrocarbonsin Streams of the
New River Watershed.

The silvicultural issue was originally prioritized as “high” largely due to concerns about
possible toxic waste discharges from an oriented strand board plant in the Mount Hope
area. Thisplant isrecycling wastes instead of discharging them to area streams, so these
concerns have alleviated. Also, the effects of logging are difficult to separate from those
of road and other construction activities, surface mining, and other soil-disturbing
activities. This makes designing an effective program for monitoring only the effects of
logging operations problematic. Still, the National Park Service must remain aert for the
effects of logging, and coordinate with appropriate federal and state agencies for the
implementation of best management practices (BMPs) during and after logging
operations.

Four recommended actions address |ow-priority issues. Two address the impacts of
impoundments. These actions also indirectly address the floodplain management issues.
These actions are:

Assess Riparian Conditionsin New River Gorge National River, Bluestone
National Scenic River and Gauley River National Recreation Area
Investigate Effects of River Regulation on Rare Plant Communities.

Two issues address the potential impacts of hazardous material spills. These are:

Determine Travel time and Dispersion of a Conservative Solute for the Gauley
River in Gauley River National Recreation Area

Determine Wave Propagation for the Gauley River in Gauley River Nationa
Recreation Area.

Most of the recommended actions address high priority issues. Thisis prudent, given
funding and personnel constraints. However, where applicable, recommendations are
provided for lower priority issues. These recommendations provide the parks the ability
to respond to issuesiif priorities shift in the future. Additionaly, some of the
recommended actions that address high priority issues also address, at |east indirectly,
lower priority issues.

The suite of recommended actions represents the concerns to the National Park Service,
park users, and park neighbors. The recommended action(s) that address each issueis
(are) considered the most reasonable approach at thistime. Thisis based on a host of
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considerations, including National Park Service policies, public concerns, scientific
evidence, technical advice of appropriate experts, and funding options.

It isimportant to recognize that these recommended actions constitute an ambitious
program. Full implementation of this program may be beyond the current capabilities of
the parks. The degree to which each project isimplemented is contingent upon obtaining
funding from a number of sources. Until funding isidentified, the actions proposed
would not be initiated, or they will be undertaken on alimited basis as staff time and
other resources are available

WATER RESOURCESISSUES
High Priority Issues

Sewage Pollution

Lack of adequate and proper treatment for human sewage and other domestic waste is the
most pressing and pervasive water resource issue for the three parks. Thisproblemis
most acute in streams tributary to the New River in and near New River Gorge National
River (National Park Service 1996a). Various state and Federal agencies concurred with
this assessment at the issues scoping meeting.

There are several facets to this problem. Some households and communities have no
septic or sewer system. In many instances existing septic systems do not function
properly. In communities with sewage treatment plants (STPs), sewer lines feeding those
plants are frequently broken. Also, most sewage systems in southern West Virginia
combine sanitary and storm runoff into one collection system. With such a system, long
or intense rain events frequently lead to inflows that exceed plant design capacity. This
results in some incoming sewage being bypassed into the receiving stream. The only
treatment such bypassed sewage may receive is chlorination,

Several areas near the three parks have relatively high concentrations of households
without septic systems or sewer service. One such area exists in the Bluestone River
watershed upstream from Bluestone National Scenic River (Figure 16). Another, similar
but smaller, area exists near the confluence of New and Greenbrier Rivers just upstream
from New River Gorge National River. Three such areas, which drain into New River
Gorge National River, exist in Fayette County (Fayette County Water Resources
Committee et al. 1997). One of these isthe Dunloup Creek watershed. Another areais
located in drainages to Keeney Creek, Manns Creek, and other tributaries to New River
near the northern end of the park. Thethird areaisthe Brooklyn/Cunard area east of Oak
Hill that drainsinto Coal Run or directly into New River.

A variety of reasons may account for the high incidence of households without any waste
treatment. Among these is the physiography of the Appalachian Plateaus. Because much
of the few flat areasin this region are floodplains and terraces of streams, scattered linear
communities have formed along streams (Messinger 1997). Installing sewer linesin such
communities is more expensive than in communities that are more concentrated. Rocky
soils and dense forests in these areas further increase the cost of sewer lines. These
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problems are compounded by the area’s poverty. The poverty rate in 1990 in Kanawha
River Basin counties in West Virginiawas 20.7 percent, compared to a National average
of 13.1 percent (Appalachian Regional Commission 1999). Counties have little money
available for sewage systems unless voters approve a specific bond initiative. A
statewide bond initiative was passed in 1996 to provide funding for water and sewage
treatment. To date, most emphasis has been given to drinking water treatment, rather
than waste treatment. Given these circumstances, the problem of direct sewage discharge
to streams seems likely to linger for years.

No data are available on the adequacy of existing septic systems. New, properly installed
systems usually function asintended. Other systems, particularly older ones, that were
not properly installed, were installed in inadequate soils, or have not been properly
maintained, are usually inadequate. It ishighly likely that many existing systemsin the
parks watersheds fall into this category.

There are anumber of sewer systems in watersheds draining into the three parks. Files
maintained by the U. S. Environmental Protection Agency and the West Virginia
Division of Environmental Protection list 16 sewage treatment plants permitted to
discharge treated wastewater into New River or itstributariesin the vicinity of New
River Gorge National River. Thesefilesaso list eight plants permitted to discharge
treated wastewater into Bluestone River or its tributaries in the vicinity of Bluestone
National Scenic River, and no permits for Gauley River or itstributariesin the vicinity of
the Gauley River National Recreation Area (Table 7).

In Fayette County, sewage dischargersinto New River or its tributaries include: the town
of Mount Hope and White Oak Public Service District (PSD) discharging into Dunloup
Creek; the city of Oak Hill and Arbuckle PSD discharging into Arbuckle Creek; the town
of Fayetteville discharging into Marr Branch; the town of Ansted discharging into Mill
Creek just downstream of the park; and the town of Meadow Bridge discharging into
Meadow Creek. In Raleigh County, STPs discharging into New River or its tributaries
include: North Beckley PSD (eight outfalls) discharging into Piney Creek or its
tributaries; the city of Beckley, Crab Orchard-MacArthur Park PSD; the town of Sophia,
Stanaford Acres, Inc., and Shady Springs PSD all discharging into Piney Creek; James R.
Bragg discharging into an unnamed tributary of Fat Creek (tributary to Piney Creek); and
R. L. Feather, Inc. discharging into Glade Creek. In Summers County, the city of Hinton
dischargesinto New River. Design dischargesin millions of gallons per day (MGD) in
the New River drainage total 0.002 for Glade Creek, 0.23 for Mill Creek, 0.5 for Marr
Branch, 0.138 for Meadow Creek, 0.7 for Arbuckle Creek, 1.1 for Dunloup Creek, 0.625
for New River, and over 6.1 for Piney Creek.

In Mercer County, sewage dischargers into Bluestone River or its tributaries include:
Bluewell PSD, Green Valley-Glenwood PSD, and the city of Princeton discharging into
Brush Creek; the city of Athens discharging into Laurel Creek; Bramwell PSD
discharging into Bluestone River; the town of Matoaka discharging into Widemouth
Creek; and Mr. Paul Canterberry discharging into an unnamed tributary of Christians
Fork of Brush Creek. Oakvale Road PSD in Raleigh County sends its wastewater to
Princeton for treatment. 1n Summers County, True Wetlands, Inc. dischargesto an
unnamed tributary to Tony Hollow (tributary to Bluestone River). Design dischargesin
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Table 7. NPDES permitted discharges of treated wastewater in vicinity of parks.

Site NPDES Design
Number Receiving Stream discharge
(million
gallons/day)
New River Drainage
Town of Ansted WV0020672 | Mill Creek 0.23
Arbuckle PSD WV0027022 | Arbuckle Creek 04
Town of Fayetteville WV0022314 | Marr Branch 0.5
Town of Meadow Bridge WV0082261 | Meadow creek 0.138
Town of Mount Hope WV0021776 | Dunloup Creek 0.31
City of Oak Hill, Plant 2 WV0020281 | Arbuckle Creek 0.3
White Oak PSD WV0044041 | Dunloup Creek 0.75
City of Beckley WV0023183 | Piney Creek 35
Crab Orchard-MacArthur PSD WV0082309 | Piney Creek 1.0
James R. Bragg WV0084531 | Unnamed tributary to Fat Creek 0.039
North Beckley PSD WV0027740 | Piney Creek and itstributaries 0.56
R.L. Feather, Inc. WV0103624 | Glade Creek 0.002
Town of Sophia WV0024422 | Piney Creek 0.25
Stanaford Acres, Inc. WV0084824 | Unnamed tributary to Piney Creek 0.02
Shady Springs PSD WV0080403 | Piney Creek 0.8
City of Hinton WV0024732 | New River 0.625
Bluestone River Drainage
City of Athens WV 0020338 Laurel Creek 0.25
Bramwell PSD WV0041971 | Bluestone River 0.1
Bluewell PSD WV0028134 | Brush Creek 04
Green Valley-Glenwood PSD WV0082627 | Brush Creek 15
Town of Matoaka WV0024864 | Widemouth Creek 0.075
Mr. Paul Canterberry WV0043885 | Unnamed tributary to Christians Fork 0.03
of Brush Creek
Oakvale Road PSD WV0080489 | City of Princeton
City of Princeton WV0023094 | Brush Creek 3.6
True Wetlands, Inc. WV0104957 | Unnamed tributary to Toney Hollow 0.0019
Gauley River Drainage —no sites
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the Bluestone drainage total 0.25 MGD for Laurel Creek, 0.075 MGD for Widemouth
Creek, 0.1 for Bluestone River, and over 5.5 MGD for Brush Fork.

Many of the above-listed STPs experience problems during periods of excessive storm
runoff. Several of the systems are fed by combined sewer overflow systems. In these
systems, sewer lines and storm drains are combined into one collection network. This
type of system frequently experiences problems during storm events. When inflow to the
STP exceed the interceptor or regulator capacity, the excess flow is discharged directly to
the receiving stream, often without treatment. The cities of Beckley, Hinton, and
Princeton are currently listed by the West Virginia Division of Environmental Protection
as combined sewer overflow systems. In 1998 that agency began an investigation into
whether the town of Fayetteville should be added to thislist (Tom Marshall, West
VirginiaDivision of Environmental Protection, personal communication 1998 and 1999).

Combined sewer overflow systems must comply with a nine-point program designed by
EPA to reduce waste loads discharged to streams. The nine minimum controls (U. S.
Environmental Protection Agency 1995) are as follows:

1. Proper operation and regular maintenance programs for the sewer system and

combined sewer overflow outfalls

Maximum use of the collection system for storage

Review and modification of pretreatment requirements to ensure that combined

sewer overflow impacts are minimized

Maximization of flow to the treatment facility for treatment

Elimination of combined sewer overflows during dry weather

Control of solid and floatable materialsin combined sewer overflows

Pollution prevention programs to reduce contaminants in combined sewer

overflows

Public notification to ensure that the public receives adequate notification of

combined sewer overflow occurrences and impacts

9. Monitoring to effectively characterize combined sewer overflow impacts and
the efficacy of combined sewer overflow controls.

W

No ok

©

Systems with separate storm and sanitary collection networks may also experience
overloads during wet periods. Thisis dueto excessive inflow and infiltration (I&1) into
the collection system. Inflow is surface water entering sewer systems through roof and
storm drains, drop inlets, defective manhole covers, and other pipe openings during and
after astorm. Infiltration is ground water entering a sewer system through broken or
cracked pipes, misaligned joints, abandoned or faulty laterals, manhole walls, or other
underground openings. Excessive 1&1 to sewer lines may create hydraulic overloads at
treatment plants similar to those noted above for combined systems.

Permit files at the West Virginia Division of Environmental Protection, Office of Water
Resources indicate that excessive 1&1 occursin many sewer systems in drainages to New
River Gorge National River and Bluestone National Scenic River. Field inspections of
treated wastewater discharges in the New River drainage have noted excessive 1 &1 at
White Oak PSD, the city of Oak Hill, the town of Mount Hope, Arbuckle PSD, the town
of Fayetteville, Shady Springs PSD, and the town of Sophia. Similar problems have been
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noted at Bluewell PSD, the town of Matoaka, and the city of Athensin the Bluestone
River drainage.

Another possible source of human waste is that removed from drinking water by water
treatment plants. Thiswaste is sometimes discharged back to streams by small water
treatment plantsin Fayette County (Allen Parsley, West Virginia American Water
Company, personal communication 2000). This problem has been noted in Mill Creek in
the Ansted area, downstream from New River Gorge National River. Currently there are
21 water treatment plants in Fayette County. The Fayette Plateau Regional Water System
to be constructed in Fayette County will replace eight of these plants with one regional
plant. Theregional plant will not discharge waste back into streams, but dispose of it in
storage lagoons. Plant closings should reduce this source of human waste to streams.
The impact of improperly, inadequately, or non-treated human sewage in water bodiesis
frequently diagnosed by the use indicator bacteria. These bacteria (actually a group of
bacteria) are fecal coliform bacteria. These bacterialivein the intestinal tracts of warm-
blooded animals, and are excreted with their feces (Britton and Greeson 1988). Fecal
coliform bacteria are not harmful, but they do indicate the presence of fecal wastes.

Fecal wastes often contain human pathogens, including other bacteria, viruses, and
protozoans. Therefore, higher concentrations of fecal coliform bacteriain surface waters
indicate higher probabilities that pathogens also may be present.

The West Virginia standard for water contact recreation is based on fecal coliform
bacteria. The criterion for this standard is that the count shall not exceed 200 fecal
coliform colonies per 100 milliliters of water. This criterion is based on the geometric
mean of at |least five samples per month. Alternately, the sample should not exceed 400
colonies per 100 milliliters in more than 10 percent of all samples taken during one
month (West Virginia Environmental Control Board 1995).

Several New River tributaries (Figure 17, Table 8) frequently have high densities of fecal
coliform bacteria (West Virginia Division of Natural Resources 1989a, Wood 1990a,
1990b, National Park Service 1991a, 1991b, 1993b, 1993d, Purvis and Wilson 1999,
Wilson and Purvis 2000). Maximum measured fecal coliform densities (colonies/100 ml)
for the period 1985 to 1997 include >95,000 in Arbuckle Creek, >940,000 in Marr
Branch, 30,000 in Madam Creek, 40,000 in Keeney Creek, >22,000 in Dunloup Creek,
140,000 in Piney Creek, 4,333 in Coal Run, and >10,000 in Wolf Creek.

Median concentrations of fecal coliform bacteriafor the period 1994 to 1997 (Table 9)
were highest in Madam, Keeney, and Arbuckle Creeks, followed by Marr Branch,
Dunloup Creek, Piney Creek, and Coal Run (Wilson and Purvis 2000).

Median fecal coliform bacteria densities for all samples collected by the NPS in 1997
exceeded 200 colonies/100 ml in four streams (Table 9). Median fecal coliform
densities exceeded this standard for 8 of 8 years at Keeney and Madam creeks, 8 of 9
years at Marr Branch, 8 of 10 years at Arbuckle Creek, 9 of 12 years at Dunloup Creek, 6
of 12 years at Piney Creek, and 2 of 4 yearsat Coal Run. All remaining sites, including
both tributary and New River main-stem sites, had at |east one sample that exceeded 200
colonies per 100 milliliters.
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Table 8. Selected National Park Service water quality sampling sites as shown in

Figures 17, 18, and 19. M and T refer to main stem and tributary, respectively.

NEW RIVER GORGE NATIONAL RIVER

1-M
2-T
3-M
4-M
ST
6-T
7-T
8-M
o-T
11-T
12-M
13-T
14-M
15-T
16-T
17-M
18-T
19-T

New River at Hinton, NERI Visitor Center
Madam Creek near the Mouth

New River at Sandstone Falls

New River at Sandstone

Lick Creek at Stream Gage Site

Meadow Creek at Stream Gage Site
Laurel Creek at Quinnimont

New River at Prince

Piney Creek at McCreery

Dunloup Creek at Stream Gage Site

New River at Thurmond

Arbuckle Creek near the Gage Site

New River at Cunard

Coa Run near Cunard

Keeney Creek at Winona

New River at Fayette Station

Wolf Creek at Fayette Station

Marr Branch below Rivers, Inc., Campground

BLUESTONE NATIONAL SCENIC RIVER

1-M
2-T
3M
4-M
ST

Bluestone River near Bluestone State Park
Little Bluestone River

Bluestone River near Confluence
Bluestone River at Pipestem State Park
Mountain Creek at Pipestem State Park

GAULEY RIVER NATIONAL RECREATION AREA

1-M
2-M
3T
4-M
ST

Gauley River at Summersville Dam

Gauley River at NARR Campsite

Peters Creek near Mouth

Gauley River at South Side Swiss

Meadow River above the Mouth of Stickley Run
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Fecal coliform bacteria densitiesin New River are usually low when compared to
tributary samples taken at the same time. Thisis because the high flow of New River
dilutes high bacteria densities received from tributaries, or receives the tributary inflow
after the dieoff of the majority of the fecal coliform bacteria. Occasionally, however,
fecal coliform densitiesin New River will be high. This occurs most often when samples
are collected a short distance downstream from the inflow of a contaminated tributary.
Tributary waters may not fully mix into the receiving stream for hundreds of feet or even
miles, particularly in the case of amajor tributary at high flow mixing into areceiving
stream at low flow. New River densities also increase during high flow events. Densities
in tributaries are usually very high during storm events, and this increased input, combined
with the rapid velocity of New River during high flows, contribute to these increased
densities.

Samples collected by the National Park Service for Bluestone and Gauley Rivers between
1994 and 1997 (Figures 18 and 19, Table 8) also revealed some relatively high bacteria
densities (Wilson and Purvis 2000). The highest densities (colonies/200 ml) for
Bluestone National Scenic River sampling sites were: Bluestone River at Pipestem (4,325
in 1995), Bluestone River at confluence (3,580 in 1995), Bluestone River at Bluestone
State Park (3,400 in 1995), and Mountain Creek (1,310 in 1994). The highest densities
for Gauley River National Recreation Area sites came from Peters Creek. Densities
measured 1,250 and 1,030 in 1994, 9,000 and 1,180 in 1996, and 1,140 in 1997.

Improvements to sewage treatment facilities and collection systems can have major
positive impacts on the water quality of dischargesto, and surface water in, area streams
and rivers. Water quality, as measured by fecal coliform bacteria densities, showed
dramatic improvement after completion of anew STP by the city of Hinton in July 1991.
Fecal coliform bacteria countsin New River downstream from this plant decreased by
severa orders of magnitude. Similar improvements have been noted in Marr Branch.

Fecal coliform bacteria are not the only indicator bacteria. Francy et al. (1993)
concluded that fecal bacteriatypes such as E. coli and enterococci are more reliable
indicators of the risk for water-based recreation in contaminated waters. TheU. S.
Environmental Protection Agency has long recommended that state regulations for water
contact recreation be based on E. coli, instead of fecal coliform concentrations (U. S.
Environmental Protection Agency 1986, 1999a).

The relation between concentrations of indicator bacteria and pathogens is not thoroughly
understood. This concern is addressed by the recommended action: Micr obiological
Reconnaissance of New River Gorge National River. Likewise, littleis known about
the relation between the concentrations of indictor bacteria or pathogens and the outbreak
of disease. This concern isaddressed by the recommended action: Epidemiological
Survey of Recreational Water Usersin the New and Gauley Rivers. Some local
citizens have opined that dense populations of deer and other animals in the New River
watershed may be amajor contributor to fecal pollution. This concern is addressed by
the recommended action: Deter mine Animal Sour ces of Fecal Bacteriain New River
Gorge National River Tributaries.

90



| SUOHIUIEP Bpoea
HOREIS Jo} g SiqeL 935 'seys Buiduwes syed pelosies pue Jany JJUSOS [BUCKEN SU0ISaN|g ‘gl 3Bl

91

T
: e
A -
M L4 =
s b fre R b e e
A .
I
S
el
# I




SUOHIUER 2000 UohEIS JO)
8 Iqe|. 0l 38s s8ys Budwes syed papsejes pue ealy UQESIDDY [BUCIIEN ._E,E Aajney ‘g1 E_._m_u

pausIElEm Jaan Asines) ey
E.._Einﬂz!iiﬁﬁainm

wuopms Gufel gogn ¥
sajs Budwes ooweg e Eues| =
NOLLYNV1dX3

92




Woater Quality Data Collection and M anagement

Since Bluestone National Scenic River, New River Gorge National River, and Gauley
River National Recreation Area are all river-based units of the National Park system, itis
very important that the Nationa Park Service have good water quality information. This
information must be gathered in an organized, meaningful way. Additionaly, this
information must be readily accessible. Thisistrue not only for the National Park
Service so that well-informed, scientifically based management decisions can be made,
but also so that other entities and the public can understand the state of park resources.

The parks have accumulated a substantial amount of useful water quality data. The
bacteria and baseline monitoring program has been helpful in establishing the magnitude
of the land- and water-use issues affecting park management. Despite this, there are
shortcomings that exist in the parks water quality monitoring program. The
recommended action Technical Evaluation of Water Quality Monitoring Program
addresses these concerns.

Historically, water quality monitoring in the three parks has been conducted on a
relatively regular schedule. This sampling regime has generated a considerable amount
of baseline data. However, water quality is strongly influenced by the hydrologic cycle.
Water quality during high flows caused by storm events and snowmelt runoff is often
quite different from that observed under baseflow conditions. The Nationa Park Service
has begun to address this issue, but more efforts in this direction are warranted.

In order for water quality monitoring to be considered accurate and valid, standard
methods of collection and analysis must be used. Standards for quality assurance (QA)
and quality control (QC) must also be observed. While the parks presently observe these
standards, this effort should be a more important and visible component of water-quality
monitoring program.

The parks have collected water-quality data since 1980. Parameters measured have
included fecal coliform bacteria, temperature, specific conductance, pH, dissolved
oxygen, akalinity, nutrients, major cations and anions, and metals. Sites and constituents
have varied over the period of monitoring. Data collected from the monitoring program
are entered into spreadsheets and databases, and some of this data has been input to the

U. S. Environmental Protection Agency’s STORET database. Data from the monitoring
program are analyzed and evaluated, and this work is made available to the public and
interested entities in the form of water quality publications. A history of water-quality
monitoring in the three parksis provided in the following paragraphs.

Water-quality monitoring of the park units began in 1980 when the National Park Service
recruited the West Virginia Division of Natural Resources to monitor sitesin New River
Gorge National River to establish baseline conditions. Data was collected for such
constituents as fecal and total coliform, temperature, specific conductance, pH, dissolved
oxygen, biochemical oxygen demand (BOD), akalinity, nutrients such as nitrogen and
phosphorous, major cations and anions, and metals. This information was collected from
six main stem and nine tributary sites for the period 1980 to 1984 (Wood 1990a).
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Using the above baseline data, and recognizing fecal waste as being the chief water
quality problem in the park, the National Park Service developed afecal coliform bacteria
monitoring plan for 1985-86 for the New River Gorge. This plan included 12 collection
sites on the main stem of New River and eight sites on tributaries (Wood 1990a). 1n 1985
park personnel analyzed the bacteria samples using quick and inexpensive Coli Counters.
This method was not U. S. Environmental Protection Agency-approved. Beginning in
1986, bacteria data were analyzed by the U. S. Environmental Protection Agency-
approved membrane filter (MF) technique. The U. S. Department of Agriculture’'s
Appalachian Soil and Water Research Laboratory in Beaver, WV analyzed these

samples. The datafor 1985 to 1986 are published in Wood (1990a).

In 1987 the parks returned responsibility for water-quality monitoring to the West
VirginiaDivision of Natural Resources. Fecal coliform samples were collected at nine
main stem sites and five tributary sitesin 1987, and at nine main stem sites and six
tributary sitesin 1988 (West Virginia Department of Natural Resources 1989a). In 1989
the West Virginia Division of Natural Resources collected and analyzed water samples
for six main stem and ten tributary sitesin New River Gorge National River. In addition
to fecal coliform, other parameters measured included total iron, manganese, and
aluminum, sulfate, dissolved solids, suspended solids, temperature, dissolved oxygen,
specific conductance, and pH. Thiswork (Wood 1990b) noted high bacteria
concentrations downstream of the Hinton sewage treatment plant on New River.

In 1990 the National Park Service again took responsibility for water quality monitoring.
Bacteria samples collected in 1990 were analyzed at the U. S. Department of Agriculture
laboratory. In 1991 a dedicated water quality laboratory had been completed at park
headquarters. Beginning that year, bacteria samples, collected in sterile bottles and
transported on ice, have been analyzed at that |aboratory.

In 1990 fecal coliform densities, temperature, pH, specific conductance, and dissolved
oxygen were determined at six main stem sites and 13 tributary sites (National Park
Service 1991a). In 1991 the park collected data for fecal coliform, temperature, pH,
dissolved oxygen, and specific conductance at six main stem sites and 13 tributary sites
in New River Gorge National River (National Park Service 1991b). Similar datawere
also collected at three main stem sites and one tributary site in each of Bluestone National
Scenic River and Gauley River National Recreation Area (National Park Service 1991c¢).
In 1992 the park collected data for the same constituents plus alkalinity and total iron,
manganese, and aluminum at seven main stem and 11 tributary sitesin New River Gorge
National River (National Park Service 1993b). Similar data were aso collected at three
main stem and two tributary sitesin both Bluestone National Scenic River and Gauley
River National Recreation Area (National Park Service 1993c). In 1993 (Nationa Park
Service 1993d) the same constituents and sites were collected as had been done in 1992.
Similar sites and constituents were sampled between 1994 and 1997 (Wilson and Purvis
2000), and between 1998 and 2000 (Wilson and Purvis, in preparation), and again in
2001.

The Nationa Park Service monitors fecal coliform bacteria because the West Virginia
sanitary water quality standard for water contact recreation is based on this parameter
(West Virginia Environmental Control Board 1995). Scientific evidence suggests that E.
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coli isasuperior indicator for this purpose (Cabelli et al. 1979). This epidemiological
survey of aLake Erie beach found that E. coli densities correlated more closely with
gastric disturbance following swimming than did fecal coliform densities, although the
correlation to E. coli densitieswasweak. The U. S. Environmental Protection Agency
has long recommended the use of E. coli, rather than fecal coliforms, for this purpose (U.
S. Environmental Protection Agency 1986, 1999a). The Nationa Park Service has
analyzed some samples for E. coli, and some simultaneous comparison sampling for E.
coli and fecal coliform has occurred.

Methods for directly measuring pathogens, as opposed to indicators, have been devel oped
in recent years. These methods hold promise for use to directly determine health risks to
park visitors. A pilot project completed under agreement by the U. S. Geological Survey
in 2001 investigated some of these methods. The draft report of this work has been
submitted to the National Park Service for review, and afinal report is expected in the
near future. A more in-depth evaluation of these techniquesis highly desirable. Thisis
proposed as the recommended action: Micr obiological Reconnaissance of New River
Gorge National River.

Determining the incidence of water-borne diseases among river usersin the three parks,
and relating this information to indicator (or pathogenic) bacteria, is the only way to
positively relate bacterial conditions to human health. Thiskind of work also could help
to validate or discredit the U. S. Environmental Protection Agency guidance on indicator
bacteria. These issues are addressed in the recommended action: Epidemiological
Survey of Recreational Water Usersin the New and Gauley Rivers.

The parks' bacteria sampling program does not meet West Virginia regulatory guidelines
for determining violations of standards. The state standard is based on a geometric mean
of at least five samples within a one-month period. Except for special monitoring
programs, like storm event monitoring, the National Park Service rarely samples a given
site more than once or twice amonth. Sampling with greater frequency might be more
useful for enforcement purposes. Thiswould permit an accurate determination of
whether the actua letter of the state standard had been violated. Making such a changein
the program is not presented as arecommended action. Making such a change would be
apolicy decision at the level of senior Park management. Because the water resources
staff is already stretched thin, increasing the frequency of monitoring would require
decreasing other efforts.

Another area in which the bacteria monitoring program could be improved would be to
consider hydrologic variation in the sampling design. Bacteria are suspended, not
dissolved, in stream water. Thus they are transported like suspended sediment rather than
adissolved constituent. The concentration of suspended sediment varies across the cross
section of the stream channel, being greatest where current velocity is the greatest.
Taking this variation into account will result in samples that are more representative of
the entire stream (Edwards and Glysson 1988).

Suspended sediment and bacterial movement in a watershed, and input to streamsin the
watershed, is complex. Bacteriafrom nonpoint sources (e.g. feedlots and pastures, lawns
and golf courses, developed areas, and wildlands like forests) are flushed into streams by
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thefirst rain to fall during a storm, and are transported with overland flow on therising
limb of ahydrograph (Elder 1987). Bacteriafrom septic systems may either be flushed
into a stream during a storm, or they may enter a stream relatively constantly. The
pattern of input depends on the quality and condition of the septic tanks and leach fields.
Bacteria from straight pipes and sewage treatment plants enter a stream in pulses that are
independent of streamflow. Increasesin flow in these streams may dilute aready-high
concentrations of bacteria. Because of this complexity, and because tributary watersheds
within the three parks contain a variety of fecal bacteria sources, understanding
streamflow is essential in order to design representative sampling, and to permit accurate
interpretation of the bacteriadata. Stream discharge is determined for most sites by
either direct measurement (e.g. releases from Bluestone and Summersville Dams), or
from U. S. Geological Survey-maintained gauging stations. A few of the tributary
streams do not have gaging stations. Discharge in these streamsis categorized
qualitatively (low, normal, or high). Only two gauging stations (New River at Hinton
and New River at Thurmond) provide continuous discharge data. Because of the frequent
high densities of fecal coliform bacteriain many tributary streams, establishing
continuous stream gages on one or more of these streamsin highly desirable. Thisissue
is addressed in the recommended action: Deter mine Stream Flow Char acteristics of
New River Tributary Streams.

All water-quality data collected for the period 1980 to 1994 are stored in the U. S.
Environmental Protection Agency’s STORET database (U. S. Environmental Protection
Agency 1999d). After the park completes creation of a new in-house database, data
collected since 1994 will be input to STORET.

Within the park, data for 1980 to 1993 have been stored in dBase |V files. Thesefilesare
old and inefficient, and park staff noticed several problems. Data collected since 1994
are stored in Microsoft Excel spreadsheets. New River Gorge National River staff have
recently created a database in Microsoft Access for all water quality datafor the three
parks. Maintaining one database at park headquarters for all water-quality dataisthe
most preferable choice in terms of data-management efficiency. Of course paper copies
of all data are also maintained, and a fireproof filing cabinet has been acquired to keep
these records. Implementation of a geographic information system (GIS) at park
headquarters will allow water-quality datato be matched with land use and other factors.

The park also runsLTEMS (Voshell et al. 1990b). This effort is described in detail under
the issue Bti application to remove black flies. While not its designed purpose, this
program does collect basic water quality data. Another water quality aspect of this
program isits design to determine biological health of New River. Datafrom this effort
isinput to a dedicated database program. The original program was written in dBase, and
developed a number of problems. Park staff developed a new database and al of the
existing data are now in this new database. At thiswriting, amanual describing this new
database and itsuse isin preparation. Another problem with this program was a serious
backlog of benthic macroinvertebrate samples. The implementation of a subsampling
program has made significant inroads into this backlog. Since the park is addressing
these problems, no specific recommended actions are necessary.
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The LTEMS program only addresses the main stem of New River. Only four sites are
sampled and then only once ayear. Such a sampling regime may overlook important
phenomena occurring at other places within New River or at times other than those
sampled. In alarge stream such as New River, these may be important issues. These
issues are addressed in the recommended action: Evaluate the Long Term Monitoring
Program in New River Gorge National River.

No long term monitoring of aguatic biological resources occurs in Bluestone River or
Gauley River, or in any of their tributaries. In fact, basic information on aquatic
biological resourcesis lacking for these streams. Because it receives the heaviest use
after New River Gorge National River, development of basic aguatic biological
information and implementation of a plan for long term monitoring of these resources
should be a high priority. Thisissueis addressed in the recommended action: Develop
Long-term Monitoring Program for Gauley River National Recreation Area.
Acquiring basic information from tributary streams is addressed under the Fishery
Management issue. While obtaining similar information about Bluestone National
Scenic River isaso highly desirable, low use and staff constraints do not warrant the
presentation of a recommended action at thistime.

A rigorous QA/QC program is necessary in every data collection effort to prove its
validity. Analysts and collectors should view QA/QC measures as an opportunity to
prove to others, in a quantifiable way, their professionalism and the quality of their work.
A QA/QC should not stand alone as a separate project, but should be incorporated into
the overall project design. Within USGS, QA/QC should use about ten percent of a
project’s budget and effort (Shampine et al. 1992). QA/QC for water-chemistry sampling
should include field and laboratory blank (negative control), replicate, and matrix-spike
(positive control) samples. Field QA/QC for biological collecting should be based on
replicate sampling through time, between multiple reaches at a stream site, and within a
single sampling reach. If more than one field crew collects samples on agiven project, it
is especially important for the multiple field crews to independently collect replicate
samples in the same reach to establish between-crew variability. Measuring and
recording flow and electrical conductance of the stream is an important component of
QA/QC for fish collecting, because electrofishing efficiency is flow-dependent.
Laboratory QA/QC for biological collections should include split sample analysis (when
subsampling is used), in addition to archiving voucher specimens and validation of
identifications by another recognized expert.

The Nationa Park Service observes basic QA/QC in the design and implementation of its
water quality and long-term biological monitoring program. For example, meters are
calibrated daily, and if amalfunction is noted or suspected in the field their use is stopped
and notes made on the field data sheets. Duplicate samples for bacteria enumeration are
often collected, with one sample analyzed by the National Park Service and the other
analyzed by an outside laboratory. The National Park Service needs to make their
QA/QC procedures more formalized, and document these procedures. Sincethisisan
operational issue within the park, no formal recommendation is presented at thistime.
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Fishery M anagement

Half of the fish species, and most of the game fish species, in the New River system, have
been introduced (Jenkins and Burkhead 1994). Damage to natural systems by introduced
animalsis cause for much concern (Li and Moyle 1993). These introductions commonly
sacrifice sustainable benefits for short-term gains. Species introduction is atype of
perturbation that, if successful, alters the biotic community into which the speciesis
introduced. For example, changing a system’ s top predator has been shown to influence
species presence and abundance patterns and food web dynamics at lower levels (M cPeek
1998). Thereforeit isimportant to understand the effects introduced species can have on
native species and ecosystems. Without such understanding, well-intentioned
management programs can create problems that actually subvert the original intention of
the action.

The first step in determining the impacts of species introductions on natural ecosystemsis
to determine what species already exist in those systems. A great deal is known about the
status of fish speciesin New River (Table 5). Lessisknown about fish speciesin Gauley
River, and even less about fish speciesin Bluestone River. Likewise, littleis know about
fishesin tributary streams within the three parks. The National Park Service needsto
acquire as much of this existing information as possible. Since much of this information
isin the form of agency files rather than published reports, this concern is addressed by
the recommended action: Historical Fisheries Data Mining.

The Nationa Park Service funded a baseline survey of fishes in streams tributary to New
River within New River Gorge National River during 2001. Since some of the streams
sampled in 2001 were severely impacted by that year’ s floods, some of these streams will
be re-sampled in 2002. A progress report on this work has been received, and the final
report should become available after analysis of the data from the re-sampled sites.
Similar baseline surveys are proposed for the main stems of Gauley River and Bluestone
River as part of the National Park Service's Inventory and Monitoring Program. These
projects are included as the recommended actions. I nventory Fishes of Gauley River
National Recreation Area and I nventory Fishes of Bluestone National Scenic River.
The work described in these two proposals may be accomplished under one combined
contract/agreement.

Baseline inventories only cover a short period of time. Because natural populations and

communities are dynamic, they need to be monitored over along time period. This will

allow for determining trends in populations and communities. This concern is addressed
by the recommended action: Monitor Status and Distribution of Fishesin New River

Gorge National River.

Determining the impacts of introduced speciesis very complex. Each species haswhat is
called aniche. Thisnicheistherole, or function, that the species plays in the ecosystem.
The niche of a species has multiple dimensions. These dimensions take into account such
factors as food-web relationships, habitat usage, and population dynamics. Each of these
factors, in turn, is aso very complex. Additional complexity is added due to changesin
niche dimensions over time and seasons, and due to interactions with the environment
and other species present in the ecosystem. Because of this niche complexity it is nearly
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impossible to determine ahead of time what impacts an introduction will have on the
existing ecosystem.

Frequently, rationale for intentional introductionsis based on a so-called vacant niche.
This vacant niche is usually described in terms of an abundant food supply that is not
being converted into the flesh of fish with sport or commercial value. The vacant niche
theory holds that this food supply can be so converted without adversely affecting the rest
of the ecosystem. Since niches are very complex, trying to predict the effects of a species
introduction based solely on food supply on the resident biotais effectively impossible.
This relegates the vacant niche theory to the realm of pseudoscience. Unfortunately, the
vacant niche theory is usually the basis for the introduction of non-native game fishes,
such astrout in small streams and centrarchids in ponds, lakes, and larger rivers.

Brook trout, brown trout, and rainbow trout, are stocked by the West Virginia Division of
Natural Resourcesin Gauley River and numerous tributaries of New and Gauley Rivers
to maintain a popular seasonal put-and-take fishery (West Virginia Department of

Natural Resources 1998). Some streams are also stocked by local chapters of Trout
Unlimited, but the source of these fish is usually the West Virginia Division of Natural
Resources. With the possible exception of Gauley River, most of the stocked streams are
warm water streams, and border on being unsuitable for long-term residence by trout.

It is believed that most stocked trout are caught within a short time after stocking,
although many fish may live for many weeks or months after stocking. It isacommon
practice of local anglersto learn the stocking truck’ s route and await itsarrival. Thisis
especially true for Dunloup and Glade Creeks (NERI). The stocking location on Dunloup
Creek isimmediately downstream from the White Oak Public Service District Sewage
Treatment Plant. This plant frequently bypasses sewage, with only chlorination for
treatment, during storm events.

An apparently self-maintaining population of brook trout has become established in
Buffalo Creek (NERI). The West Virginia Division of Natural Resources designates this
stream as fly-fishing only. Thisregulation also entails a catch-and-release provision. An
apparently self-maintaining population of brown trout has become established in lower
Glade Creek (NERI). Thisstretch is designated a catch-and-rel ease stream by the West
Virginia Division of Natural Resources. With the lower three miles of Glade Creek
managed on a catch-and-release basis, and the adjacent, upper three miles managed as a
put-and-take fishery, an excellent opportunity exists to examine the impacts of these two
fishery management techniques on stream ecosystems. This opportunity is addressed by
the recommended action: Deter mine | mpacts of Two Fishery Management Methods
on Stream Ecosystems.

Brook trout are native to parts of the New and Gauley river systems, being taken in New
River tributariesin Virginiain 1867 (Cope 1868). Addair (1944) collected brook trout
throughout the highlands of the Gauley and Greenbrier River Basins, and aso in Meadow
Creek and an unidentified tributary of the New River in the Gorge area. Stocking of
brook trout was reported by Addair, and began as early as 1876 in parts of Virginia
(Jenkins and Burkhead 1994). Brook trout are not considered native to the streams near
New River Gorgein historical times (D.A. Cincotta, West Virginia Division of Natural
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Resources, personal communication 1998). This speciesis notoriously intolerant of
warm water, but is otherwise a habitat generalist (Jenkins and Burkhead 1994). Although
discussion of its distribution prior to recorded surveys is speculative, it seems plausible
that it would have existed in the New River main stem and tributaries wherever climatic
conditions allowed. Most of these areas would be upstream of New River Gorge
Nationa River, and at higher elevations than are found in the park.

Brown trout, native to Europe, Asia, and North Africa, were introduced to North America
in 1883 (Jenkins and Burkhead 1994). Brown trout out-compete brook trout in the
warmest streams where the latter could survive (maximum temperatures on the order of

15° to 20° C). Brook trout remain successful in colder waters at higher elevations,
generally above 2000 ft in West Virginia (Stauffer et al. 1995).

Rainbow trout are native to Siberia and the Pacific Northwest of North America. Like
brown trout, they have been introduced worldwide (Jenkins and Burkhead 1994). A
considerable body of literature on interactions between brook trout and rainbow trout has
been compiled at Great Smoky Mountains National Park (Etnier and Starnes 1993).

| solated reproducing populations of both brown and rainbow trout exist in West Virginia
despite intense fishing pressure (Stauffer et al. 1995).

A study on predation of New River endemic candy darters (Etheostoma osburni) by
stocked rainbow trout found that two weeks after stocking, no candy darter remains were
present in rainbow trout guts (Leftwich et al. 1996). The authors were not convinced that
trout predation on candy darters did not occur, however, and were particularly concerned
about possible predation of candy darters by brown trout. Little elseis known about
interactions between trout and their prey in the streams of New River Gorge National
River and Gauley River National Recreation Area. This concern is addressed in the
recommended action: Deter mine Diets of Exotic Trout in New River Gorge
Tributaries.

The effects of non-native predators on stream ecosystems is probably not limited to just
their prey species. Because all speciesin a given ecosystem interact to some degree,
effects on one species are likely to have ramifications to other species. For example, if
stocked fish prey preferentialy on a given species and reduces their population, then the
prey of that species may increase. Of course these interactions are complex and can only
be investigated by comparing streams with and without stocked fish. Thisconcernis
addressed in the recommended actions: Evaluate | mpacts of Exotic Trout on New
River Gorge National River Tributary Ecosystems and I nventory Biological

Resour ces of New River Tributaries.

The primary game fish in the three parks, the smallmouth bass, is not native to the New
or Gauley River basins (Cope 1868, Jenkins and Burkhead 1994). Although early
stocking records are sketchy, smallmouth bass apparently were introduced to New River
in the 1800’ s, and reproducing popul ations quickly were established. Other gamefish
introduced into New River include muskellunge, walleye, and severa sepcies of sunfish.
Non-native gamefish introduced into Bluestone Lake, including striped and white bass
and their hybrids, crappies, and shad are sometimes flushed into New River within New
River Gorge National River. Similar but smaller populations of introduced gamefish
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exist in Gauley and Bluestone Rivers. Owing to the large size and habitat complexity of
these rivers, the large number of introduced species, and the difficulty of sorting out the
impacts of these many introductions, no recommended actions are presented that would
address thisissue.

Release of unwanted baitfishes has resulted in most establishments of non-native fish
populations (Courtenay 1993). Severa fishesthat are expanding their range in the New
River system are probably doing so because of “bait-bucket introductions.” This concern
is addressed by the recommended action: Outreach to Anglerson the Effects of Bait-
Bucket Fish Introductions.

Besides fishes, crayfish and hellgrammites are commonly used baits in the area of the
three parks. A commercial bait fishery existsin this area, especialy in the New River
between Bluestone Dam and Sandstone Falls (Nielson and Orth 1988, Roell and Orth
1992). Studies of crayfishesin the New River have shown dramatic changesin
community composition (Roell and Orth 1992). Thisis mostly attributed to the
introduction of non-native species by way of discarded bait (Miller 1997). No survey of
New River crayfishes has been completed since 1984-85. Whether introduced crayfishes
have continued to expand their dominance of the community, and the status of native
crayfishesis of serious concern. This concern is addressed in the recommended action:
Determine Status and Trends of New River Crayfish Community.

Bti Application to Remove Black Flies

Residents along and near the New River have long complained about the nuisance of
black flies (Smuliumjenningsi). Adult female black flies bite humans. While they are
disease vectorsin some tropical areas, in temperate North America, they are considered
merely anuisance (Merritt and Cummins 1996). Larval black flieslive in swift flowing
water, where they cling to stones and other fixed objects, and feed by filtering small
particles out of the water.

In 1983 the West Virginia Division of Natural Resources began exploring the feasibility
of eliminating populations of S. jenningsi by applying the bacterial insecticide Bacillus
thuriingiensis var. israelensis (Bti). Spraying of Bti would occur by helicopter into New
River and its mgjor tributaries Bluestone River and Greenbrier River (Voshell and Orth
1995). Ingested Bti acts by excreting atoxin in the midgut of the aquatic black fly larvae
that prevents transformation to the adult form (V oshell and Orth 1995).

In 1986 the West Virginia Division of Natural Resources applied Bti in the New River for
evaluative purposes (National Park Service 1995b). The National Park Service opposed
this activity within park boundaries on grounds that they had authority over wildlife
within the park’ s boundaries, the program violated the agency’ s mission, there was not a
documented health risk, and little was then known about effects of Bti on non-target
organisms. The National Park Service obtained a court injunction prohibiting spraying of
Bti within park boundaries. 1n 1987 the Federal Supplemental Appropriations Act
authorized the State of West Virginiato apply Bti to New River within National Park
Service boundaries for 8 years. This act mandated the National Park Service and the
West Virginia Department of Natural Resources to jointly conduct an ecological
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monitoring program. Widespread Bti treatments began in 1988 (V oshell and Orth 1995).
The spraying program was later taken over by the West Virginia Division of
Environmental Protection, and is presently managed by the West Virginia Department of
Agriculture. Typically, Bti is applied to New River roughly every 2 weeks from May
through October, with atarget exposure to river animals of 22 parts per million per
minute.

In 1988 the NPS contracted Virginia Polytechnic Institute and State University to
determine the effects of Bti application on the aquatic biota of New River, and to develop
along-term monitoring plan to track the aquatic biota so that future disturbances would
be apparent (Voshell et al. 19908). The LTEMS program was created to meet these
needs (Voshell et al. 1990b). The main goal was to assess environmental impacts that
might result from the black fly management program (National Park Service 1995b). A
second goal was to design a system to determine impacts to the New River from other
anthropogenic activities.

The system originally consisted of five sites on the main stem of New River (Voshell et
al. 1990b). The most downstream site was eliminated in 1998 due to lack of suitable
sampling habitat, and concern for the safety of park staff and visitors. Annually, at low
flow (usually about the first two weeks of August) avariety of habitats are sampled from
wadable parts of the stream sampling sites. Quantitative and qualitative samples are
collected. Macroinvertebrates, macrophytes, and fish are collected, identified, quantified,
and measured. Determining chlorophyll-a concentrations from samples approximates
abundances of periphyton and phytoplankton. Determinations are made of dissolved
oxygen, pH, alkalinity, hardness, specific conductance, suspended particulates and fecal
coiform bacteria. Dischargeis determined from two U. S. Geological Survey gages, New
River at Hinton and New River at Thurmond.

Effects of Bti application on production of several fish species and dominant invertebrate
taxa were assessed by an intensive three-year study (1988 to 1990) at 2 sites (downstream
from Bluestone Dam, and Sandstone Falls) (Voshell and Orth 1995). Post-treatment
invertebrate production was compared to pre-treatment invertebrate production measured
in 1983 (Bluestone Dam), and 1987 (Sandstone Falls). Post-treatment production data
were also available from 1986 for the Bluestone Dam site (Voshell 1985). Dominant
invertebrate taxa varied among sites and years. Invertebrate samples were collected
every two weeks from June through November, unless flow was high. Targeted habitat
was riverweed mats on rock outcrops.

Macroinvertebrate community composition data collected at the same sites before
treatment in 1982 and 1984, and after treatment in 1988 to 1990 were a so examined for
change caused by Bti application. Metrics were calculated from cobble-pebble riffle
samples, which had previously been shown to be the habitat containing the most diverse
invertebrate assemblage. Additional water quality measurements (major ions, aluminum,
iron, manganese, zinc, and nutrients) were also determined.

The fish community was sampled at these two sites three times annually for the 3-year
period (Voshell and Orth 1995). Pre-treatment data used for comparison were from a
1979 regional study of fish distribution (Stauffer et al. 1980) and a 1984 study of
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microhabitat use by various fish species (Lobb 1986). Neither of the pre-treatment fish

studies sampled at the same sites as those used in the post-treatment studies. Also, both
pre-treatment studies used different, more intensive methods than did the post-treatment
studies.

The investigators acknowledge that the Bti study suffered from several limitations out of
their control (Voshell and Orth 1995). Because the study began after Bti treatment had
already begun, pre-treatment data sets were limited to 1 or 2 years, and year-to-year
hydrologic variability could not be eliminated as a confounding factor. Pre-treatment
data sets were often collected with substantially different methods, and all were collected
for adifferent purpose. No suitable nearby reference site was available, so comparisons
between environmentally similar, treated and untreated sites, under similar flow regimes,
were impossible. No measurements were made of total within-site area of different
habitat types, so that it is unknown whether targeted habitat samples were representative.

Voshell and Orth (1995) found that Bti application effectively removed black flies from
New River, but failed to find any other effects on the invertebrate community. Further
statistical analysis of this data set supported this conclusion (Smith and Marini 1998).
Increased productivity of caddisflies, which may compete for food with black flies, was
considered a possible side effect of Bti application. This study should have detected this
effect, had it occurred. Another potential effect was that Bti would kill midges. Neither
of these effects was detected. Instead, production levels were deemed to be high, and to
indicate proper functioning of the New River ecosystem.

An effect on midges cannot be ruled out, because of taxonomic resolution. InLTEMS,
all members of the family Chironomidae are grouped as single taxa. An effect on midges
could quite possibly be genus- or species-specific. Identifying all midges to genus- or
species-level, however, would be impractical if not impossible (Merritt and Cummins
1996). Sorting midges usually take enormous amounts of time, as densities of 50,000 per
square meter may be encountered. Only a small percentage of midge larvae have been
described, and taxonomic keys do not usually distinguish between larvae of different
midge species. Larvae of several important groups of genera are considered essentially
inseparable, even by acknowledged midge experts (Merritt and Cummins 1996).

A 5-year study on the effects of Bti application on non-target organismsin the
Susquehanna River in Pennsylvania had findings consistent with the New River study
(Jackson et al. 1994, Academy of Natural Sciences of Philadelphia 1990, 1991, 1996,
1997, 1998). The study was designed specifically to determine acute effects of single
applications of Bti, rather than cumulative, long-term effects (Academy of Natural
Sciences of Philadelphia 1998). Bti application effectively increased black fly drift from
the treatment area, and black fly densities decreased markedly after treatment (Jackson et
al. 1994). This study found no evidence of ecologically significant changes for non-
target macroinvertebrates or fish that could be attributed to a single Bti application
(Academy of Natural Sciences of Philadelphia 1998). No consistent effect of Bti on non-
target organisms (the same effect seen on a given speciesin several years) was found,
although some apparent effects were noted. The authors considered the magnitude of
these effects “rather small,” and did not feel they could determine if these effects were
the result of Bti application or of other factors unrelated to Bti. Bti wasimplicated in a
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post-treatment decrease in density of the aquatic moth Petrophila sp. in 1989 (Jackson et
al. 1994). Post-treatment growth rates of YOY banded darters decreased in 1989, and
their average condition decreased in 1990 (Academy of Natural Sciences of Philadelphia
1991). Fish growth and condition were measured each year of the study, and these
effects were not replicated in subsequent experiments (Academy of Natural Sciences of
Philadelphia 1998). Drift of different taxa of invertebratesincreased significantly in
some experiments, but except for Petrophila, was not replicated. Drift patterns of non-
target organisms never exhibited the distinctive pattern of black fly drift.

In New River, some effects of Bti application on non-target organisms might be only
long-term and may not manifest themselves for years. Another possibility is that
invertebrate community changes may occur, but are too subtle to detect. Finding a
possible highly subtle effect (which might not exist) would divert park staff from other
pressing and more tractable problems. Smith and Marini (1998) point out that intensively
monitoring afew sitesis expensive in terms of staff time, and that evidence from other
studies indicates that greater gainsin information can be obtained by collecting
information at more sitesin aless intensive manner. Park managers should examine
LTEMS and distinguish those parts of the study that measure general long-term trends
from those that are specifically designed to determine effects of Bti application, and
should seriously consider decreasing the resources devoted to monitor effects of Bi
application. Thisisaddressed by the recommended action Evaluate the Long-Term
Monitoring Program in New River Gorge National River.

Since black flies feed by filtering particles from the water column, their removal from the
ecosystem makes this food available to other filter feeders. Many of these organisms are
insects, and are therefore sampled by the existing LTEMS protocols. One major group of
filter feeders, however, isnot sampled. These are the freshwater mussels. Whether
native musselsin the New River might benefit from removal of blackflies, or might
suffer from the well-established exotic Corbiculaflumines, is of some concern. The
worldwide decline of mussel species makes this issue more urgent. Thisconcernis
addressed in the recommended action: Deter mine Status and Trends of New River
Mussel Community.

Medium Priority I ssues

Silvicultural Activities

West Virginia sits at the geographic center of the Appalachian Hardwood Belt (mixed
mesophytic forest). Soil and climate provide an excellent growing environment for
hardwoods. Currently there are 11.6 million acres of timberland in the state with 75
billion board feet of timber. Forestlands comprise 76 percent of the state' s acreage.
Sawtimber (commercially harvestable timber, diameter at 4.5 feet from ground of at |east
11 inches for hardwoods) comprises 63.7 percent of the timber statewide. Poletimber
(diameter at 4.5 feet from ground of 5-11 inches for hardwoods) accounts for 26.2
percent, and seedlings and saplings comprise the remaining 10.1 percent. Major timber
reservesin millions of board feet of timber include (West Virginia Division of Forestry
1997) red oak (15.3), white oak (14.4), yellow poplar (12.7), red maple (3.7), hickory
(3.2), sugar maple (3.0), black cherry (2.4), basswood (2.1), ash (1.8), and birch (1.0).
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Statewide, timber volumes and timberland acres have increased steadily for more than 40
years, and are at the highest levels of the past century. The statewide ratio of timber
growth to timber removal is 1.31 (West Virginia Division of Forestry 1997). This
suggests that timber harvesting could continue for many years. However, adetailed
study of forest industry sustainability in Virginiafound that harvest was probably
proceeding at an unsustainable rate (Virginia Department of Forestry 1999). Factors
other than logging, including tree mortality but primarily urban sprawl, account for
substantial forest lossin Virginia. No such study has been done in West Virginia.

Fayette, Mercer, Nicholas, Raleigh, and Summers counties have over 1.3 million acres of
forest lands, with aratio of timber growth to removal of 5.56. About 67 percent of this
acreage is sawtimber (DiGiovanni 1990). There are 21 sawmillsin these counties that
each produces more than 100,000 board feet of lumber per year. There are aso 4 drying
kilns, 3 pressure treating plants, 1 rustic fencing mill, 2 veneer mills, 16 wood product
manufacturers, and 1 engineered wood products plant.

The Development Authority of Mercer County is recruiting new forest industries for
southern West Virginia. Top selling pointsinclude nearby quality stands of hardwood
timber and aU.S. Forest Service laboratory and hardwood technology center near
Princeton. These facilities provide assistance in hardwood research, utilization, and
marketing. The potential exists for increased logging activity and associated timber
processing industries near Bluestone National Scenic River and New River Gorge
National River.

Unless carefully managed, timber harvest substantially alters the physical environment of
streams. Changes in stream flow and increased sedimentation are among the most
serious consequences of logging activities because they have long-term effects on
channel and habitat features. By removing the overstory canopy, logging also exposes
the streambed to increased solar radiation, resulting in warmer temperatures and greater
autotrophic production.

There is ample evidence that poorly regulated forest harvest has resulted in substantial
degradation in habitat and fish populations (Bisson et al. 1992). Simplification of
channel structure and reduction in habitat complexity are common featuresin forests
managed for timber harvest. Asmore of the basin islogged, the frequency and size of
pools declines due to filling of pools with sediments and loss of pool-forming large
woody debris. Complex channel margins that provide important edge habitat also
become simplified in the absence of large flow obstructions such as logs and boulders.
Catastrophic events including floods and landslides are more likely, especially where
slopes are stegp and unstable.

These changes in stream habitat result in numerous and often complex changesin the
aquatic biota. In general one observes areduction in fish species diversity (Bisson et al.
1992), attributed to habitat simplification, and an increase in standing crop biomass,
attributed to greater light penetration and autotrophic production. Aquatic invertebrates
are also adversely affected by clear-cut timber harvest (Bisson et al. 1992).
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Riparian vegetation directly influences instream water quality through its moderating
effect on temperature. Taxa adapted to cool waters are likely to be eliminated by
temperature increases following canopy removal (Barton et al. 1985).

An increased amount of fine sediments within the streambed reduces its permeability to
water movement, affecting the delivery and removal of gases, nutrients, and metabolites,
and potentially restricting movements by animals.

Research at Coweeta Hydrologic Laboratory in the southern Appalachians of western
North Carolina describe numerous effects of logging on water quality and the aquatic
communities of small mountain streams. General effects include physical habitat
aterations, changesin hydrologic, chemical, and thermal characteristics of the water, and
changes in food resources (Webster and Swank 1985a). Specific effects include:

e increased stream temperature after cutting (Greene 1950), especidly if trees and
vegetation along stream channels are removed (Swift and Messer 1971);

e decreased retention and increased export of nutrients (Webster and Swank 1985b,
Golladay et al. 1992);

e reduction in the number of woody-debris dams; and

e increased in streambed erosion; and increased sediment loads (Webster et al. 1988).

A stream’ srecovery rate after logging is dependent upon the recovery rate of terrestrial
vegetation (Webster et al. 1992). Thus, streams in the southern Appal achians may
continue to show signs of disturbance more than 100 years after major logging. Similar
impacts may be expected in the region of Bluestone National Scenic River, New River
Gorge National River, and Gauley River National Recreation Area.

Implementation of best management practices may significantly reduce the negative
impacts of logging on stream ecosystems (e.g. Kochenderfer et al. 1997). For example,
riparian buffer strips may provide adequate shade to reduce temperature increases.
Buffer strips and alternatives to large area clearcutting may reduce increases in peak and
storm flows after logging. Proper application of fertilizers during revegetation may
reduce stream nutrient increases. Limiting the number of roads may significantly reduce
stream sediment load increases.

Effluents from wood processing plants also can impact steam quality. A Georgia Pacific
(GP) oriented strand board (OSB) plant came on-linein July 1995. Initially this plant
discharged its process waters into the Mount Hope STP on Dunloup Creek. These
process waters contained 29 constituents, of which nine (arsenic, cadmium, chromium,
copper, lead, mercury, nickel, zinc, and phenols) are listed as toxic substances in section
307 of the Clean Water Act. At high flow when the Mount Hope STP was in a bypass
mode (see Sewage Pollution issue), the GP plant was automatically notified, and process
waters were not passed to the STP. In June 1996 the GP plant began recycling its process
waters, and quit routing them to the STP. Since June 1996, the only releases to Dunloup
Creek from the GP plant are storm water discharges through several outfallsinto Sugar
Creek, atributary to Dunloup Creek. Georgia Pacific samples these discharges regularly
according to West Virginia Division of Environmental Protection storm water monitoring
requirements.
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Agricultural and Urban Runoff

Agricultural and urban runoff are the primary sources of non-point pollution in the
streams and rivers of the three parks. Agricultural runoff isamajor source of pollutants
to agquatic habitats. In the United States, some 80% of the 4.9 billion metric tons of soil
eroded from non-federal rural land occurred on cropland (Allen 1995). Agricultural
sources are responsible for 46% of the sediment, 47% of total phosphorus and 52% of
total nitrogen discharged into waterways within the United States.

High rates of soil erosion and runoff of fertilizers, pesticides and herbicides are common
problems of agriculturally impacted rivers, whereas municipa and industrial wastes are
important pollutants of urbanized rivers. Anincreased load of silt and sedimentsis
typical of rivers draining agricultural and urban landscapes.

Increased nutrient concentrations are serious and well-known consequence of a greater
human presence in awatershed. Agriculture increases nutrient levels due to fertilizers
and animal wastes, and also by increasing soil erosion which particularly affects the
transport of phosphorus. Municipal wastes and fertilizers are significant nutrient sources
from urban areas.

Collectively, the physical and chemical changes that result from agricultural and urban
development change the ecology of riversin many ways. In small streams, the energy
base becomes |ess heterotrophic (i.e., reliance on outside sources of energy such as
falling leaves from trees) and more autotrophic (i.e., reliance on in stream sources of
energy) (Allen 1995). Habitat quality usually declines and biological communities
become dominated by a smaller number of species that are more tolerant of these
degraded conditions.

Agricultural census datafor 1992 listed over 22,000 acres of farmland that were treated
with commercial fertilizersin the five counties containing the three parks. These same
counties had more than 3,500 acres sprayed with insecticides and more than 2,400 acres
sprayed with herbicides. Greenbrier, Pocahontas, and Monroe counties that contain most
of the Greenbrier River watershed (tributary to New River) had more than 52,000 acres
of farmland treated with commercial fertilizer, more than 5,700 acres sprayed with
insecticides, and more than 17,000 acres sprayed with herbicides.

Agricultural census datafor 1992 listed more than 29,000 head of cattle for the five
counties that contain the three parks, and 77,000 head of cattle for the counties that
include most of the Greenbrier River watershed. The 1992 census did not indicate any
large-scale poultry operations in the watersheds affecting the park units. The 1987
census indicated the existence of alarge-scale poultry operation in Ashe County, North
Carolina (headwaters of New River). This operation was converted to tree farms between
1987 and 1992 (Mark Kozar, U. S. Geological Survey, personal communication 1998).

British United Turkeys of America started aturkey breeding industry in Greenbrier
County in the early 1990’ s that does not show up in the 1992 agricultural census. This
poultry industry currently consists of approximately 20 poultry houses for breeder
turkeys. No additional breeder facilities are planned for Greenbrier County. Poultry
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houses are cleaned out once every 30 weeks. Requests for poultry litter to apply to
farmlands exceeds the amount of litter produced (Paula Brown, British United Turkeys of
America, personal communication 1998). Any amounts of fecal material or nutrient
loading to Greenbrier River would thus be relatively minimal, and would probably be
well diluted before reaching the confluence with New River.

While the census data show population fluctuations, the general trend shows the larger
population centers will continue to grow. No storm water retention measures arein
place, and in most municipalities storm water and sewage are routed through the same
systems (see Sewage Pollution issue). Additionally, as human activities ater the
landscape, adverse impacts to tributary streams may result from changes in the quality
and quantity of storm water runoff. The type and quality of pollutants carried by storm
water runoff, commonly resulting in non-point source pollution of receiving waters, are
highly variable. The pollutants carried by storm water runoff are largely based on land
use characteristics and vary with duration and intensity of rainfall events (Table 10).

Table 10. Examples of pollutant characteristics (in kg/ha-yr) found in storm water runoff from various land
usesin the Great Lakesregion (after U.S. Environmental Protection Agency 1993).

Land Use Suspended Total Total
Sediment Nitrogen Phosphorous Lead

General Agriculture 5-8000 0.8-75 0.1-9 0.003-0.09
Cropland 30-7500 6-60 0.3-7 0.006-0.007
Forested 2-900 1-8 0.03-0.7 0.01-0.05
General Urban 300-2500 8-10 0.5-4 0.02-0.6
Residential 900-4000 6-9 0.6-1 0.08
Commercial 75-1000 3-12 0.09-0.9 0.03-1.0
Industrial 750-2000 3-13 0.9-6
Developing

Urban >10,000 90 >10 3.0-7.0

Urban runoff quantity and quality are significantly affected by watershed development.
Urbanization alters the natural vegetation and natural infiltration characteristics of the
watershed, causing runoff from an urban area to have a much higher surface flow
component, a much smaller ground water component, and a somewhat reduced baseflow
component (U. S. Environmental Protection Agency 1993). Urbanization also can create
water quality problems because activities associated with urbanization create sources of
pollutants for surface runoff. Thus urbanization tends to increase runoff and pollutant
loadings to receiving waterbodies. For example, Mott (1996) found that several heavy
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metals (mainly aluminum, iron, cadmium, and manganese) were found in excess of state
standards by New River Gorge National River water quality monitoring. These
exceedances occurred most frequently in the tributaries, but some exceedances of |esser
magnitude occurred in the main stem (Wood 1990).

One significant effect of urbanization is to increase pollutant runoff loads over
predevelopment levels (U. S. Environmental Protection Agency 1993). During a storm
event, land surfaces, including impervious surfaces, are washed by rainfall, and the
resulting runoff creates an increased loading of pollutants to receiving streams. Pollutant
concentrations in urban runoff vary considerably, both during the course of a storm event
and from event to event at a given site, from site to site within a given urban area, and
from one urban areato another. Thisvariability isaresult of variationsin rainfall
characteristics, differing watershed features that affect runoff quality and quantity, and
variability of urban activities. Table 11 presents ranges of urban runoff pollutant
concentrations based on results of the Nationwide Urban Runoff Program (U. S.
Environmental Protection Agency 1993). Potential sources of urban runoff pollutants are
presented in Table 12. The principal types of pollutants found in urban runoff from these
various sources include sediment, oxygen-demanding substances (organic matter),
nutrients (e.g. phosphorous and nitrogen), heavy metals (e.g. copper, lead, zinc, etc.),
pesticides, hydrocarbons (incl. PAHSs, others), temperature, and trash/debris.

Table 11. Ranges in pollutant concentrations found in urban runoff. All constituents measured as mg/L
except total copper, lead, and zinc which are measured in ug/L (after U. S. Environmental

Protection Agency 1993).

Constituent 10" percentile Median 90" percentile
Total Suspended Solids 35 125 390
BOD 6.5 12 20
COD 40 80 175
Total Phosphorous 0.18 041 0.93
Nitrate-Nitrogen 0.40 0.90 2.20
Total Copper 15 40 120
Tota Lead 60 165 465
Tota Zinc 80 210 540

The most important factor in determining the quantity of runoff that will result from a
given storm event is the percent imperviousness of the land cover. Other factorsinclude
soil infiltration properties, topography, vegetative cover, and previous conditions.

The factors that influence the hydrol ogic characteristics of storm water are dependent on
the phase of urbanization of an area. During the construction phase, the hydrology of a
stream changes in response to initia site clearing and grading. Treesthat had interrupted
rainfall arefelled. Natural depressions that temporarily ponded water are graded to a
uniform slope. The thick humus layer of the forest floor that had absorbed rainfall is
scraped off or eroded away. Having lost much of its natural storage capacity, the cleared
and graded site can no longer prevent rainfall from being rapidly converted to runoff.
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After construction is completed, rooftops, roads, parking lots, sidewalks, and driveways
make much of the siteimperviousto rainfall. Unable to percolate into the soil, rainfal is
converted to runoff. The excess runoff becomes too great for the existing drainage
system to handle. Asaresult, the drainage network must be improved to direct and
convey the runoff away from the site.

Table 12. Sources of urban runoff pollutants (after U. S. Environmental Protection Agency 1993).

Source

Erosion

Atmospheric Deposition

Construction Materials

Manufactured Products

Plants and Animals

Non-storm water Construction

Accidental Spills

Pollutant of Concern

Sediment and attached soil nutrients, organic matter, and other

adsorbed pollutants

Hydrocarbons emitted from automobiles, dust, aromatic
hydrocarbons, metals, and other chemicals released from
industrial and commercial activities

Metals from flashing and shingles, gutters and downspouts,
galvanized pipes and metal plating, paint, and wood
preservatives

Heavy metals, halogenated aliphactics, phthalate esthers,
PAHSs, other volatiles, and pesticides and phenols from
automobile use, pesticide use, industrial use, and other uses.
Plant debris and animal excrement

Inadvertent or deliberate discharges of sanitary sewage
and industrial wastewater to storm drainage system

Pollutants of concern depend on the nature of the spill

Changes in stream hydrology in atypical, moderately developed watershed include

(Schueler 1987):

increased peak discharges compared to predevelopment levels;

increased volume of storm runoff produced by each storm in comparison to
predevelopment conditions;

decreased time needed for runoff to reach the stream;

increased frequency and severity of flooding;

reduced stream flow during prolonged periods of dry weather due to the reduced
level of infiltration in the watershed; and

greater runoff velocity during storms, due to the combined effect of higher peak
discharges, rapid time of concentration, and the smoother hydraulic
surfaces that occur as aresult of development.

Development is occurring throughout the New River watershed. In some casesit is

occurring close to park boundaries, and in other cases many miles away. Owing to the
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complexity of thisissue, no recommended action is presented to addressit. However,
continuation of the existing water quality and long-term biological monitoring programs
are important to discerning impacts from development activities. Maintaining flexibility
in the water quality monitoring program is essential to evaluating specific development
activities occurring close to the parks.

Mineral Development

Active and abandoned coal mines and oil and gas wells are present in or near the three
parks. These activities pose existing and potential environmental problems for park
water resources.

Coal mining alters both surface water and ground water chemistry of small watershedsin
southern West Virginia (Borchers et al. 1991). Streams draining mined areas had higher
pH, specific conductance, and greater concentrations of calcium, magnesium, sodium,
potassium, bicarbonate, sulfate, manganese, and dissolved solids than streams draining
unmined areas. The higher pH was theorized to be aresult of acid reduction treatment
employed by the active mines. Other studies (Ehlke et al. 1982, Bader et al. 1989) have
concurred that streams draining mined areas are typically akaline in the low-sulfur
coalfields of southern West Virginia. Borcherset al. (1991) also found that ground water
from wells near underground mines had greater specific conductance and concentrations
of sodium, calcium, bicarbonate, and sulfate than did ground water from wells more than
0.5 miles from underground mines.

A study of the hydrology of Area9, Eastern Coal Province by Ehlke et al. (1982) found
that concentrations of total iron and dissolved manganese were highest in streams
draining areas that had been mined for several years. This study, which included New
River Gorge and Gauley and Meadow Rivers, also found that pH of surface water in New
River (median pH 7.3) was generally neutral to alkaline, and that pH of surface water in
Gauley River (median pH 6.4) was more acidic. Reasonsfor this are the greater
buffering capacity of New River (mean alkalinity 42 mg/L) versus that of Gauley River
(average alkalinity 10 mg/L) and the higher sulfur content of the coals found in the
Gauley River basin. The low buffering capacity of Gauley and Meadow Rivers make
them more susceptible to acid drainage. A similar study of Area 10, Eastern Coal
Province by Ehlke et al. (1983) found that pH in the Bluestone River basin that contained
extensive mining of low-sulfur coal varied from 5.4 to 10.0. Median akalinity for
Bluestone River was 52 mg/L.

Although most waters in mined areas of this region are alkaline, there are some where
acidity problems do exist. This occurs most often where high-sulfur coal (as opposed to
the low-sulfur coal predominant in this area) was mined or processed. In these areas,
mine drainages or seepage through piles of processing waste (‘gob’) may be acidic.

These areas are generally small and isolated. The relatively high buffering capacity of
streams in these areas generally neutralizes acid problems quickly, and limits impactsto a
few feet even in the smallest streams.

One major exception occurs at the head of Wolf Creek, a New River tributary that enters
New River Gorge Nationa River a short distrance upstream of the downstream park
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boundary. A large volume of acid gob, imported to this site from outside the watershed,
has caused serious problems. Wolf Creek flows through Oak Hill and Fayetteville, the
two largest towns in Fayette County, and is a major portion of the water supply for
Fayetteville. Prior to the onset of acidification problems, the State stocked trout in Wolf
Creek. Water immediately downstream from the gob pile often exhibits a pH of less than
3, although pH usually reaches 7 or greater by the time the stream enters the park.
Occasiona acid drainage episodes, including one in 2002, result in acidic water entering
the park. An earlier attempt to remedy this problem through reclamation of the gob pile
failed. The NPS has been partnering with a consortium of federal, state, and local
agencies and alocal watershed group to address this problem. The recent settlement of a
legal proceeding makes $375,000 available to treat the gob pile in a more effective
manner. Monitoring of Wolf Creek above and within the park is needed to evaluate the
effectiveness of this additional work. The recommended action: Monitor Effectiveness
of Wolf Creek AMD Treatment addresses the within-park portion of this work.

According to a 1995 minerals summary of the parks, there are 115 abandoned coal mine
siteswithin New River Gorge National River, 11 abandoned coal mine sitesin Gauley
River National Recreation Area, and no abandoned mines in Bluestone National Scenic
River (Ken Stephens, New River Gorge National River, personal communication 1998).
Abandoned mine lands were inventoried in the park unitsin 1991 and 1992. Gauley
River National Recreation Area has the only active permit for a deep mine operation
within park boundaries. Abandoned deep minesin this park are mostly punch mines that
tend to be newer, smaller, and have fewer associated structures and refuse areas than the
large deep mine complexes in the New River Gorge area. Strip mining has been
occurring mainly since 1976 in areas adjacent to Gauley River National Recreation Area.
Because the National Park Service owns only asmall portion of the mineral rightsto the
parks, the Office of Surface Mining is responsible for determining if mining can be
continued or reopened in the parks.

Coa mines have the potentia to affect water quality of tributaries to the parks, especially
New River Gorge National River (Table 13). Borcherset al. (1991) showed that mine
drainages and discharges augment streamflow during dry periods and comprise alarge
percentage of the total streamflow. Thus an inventory of active and abandoned minesin
all watersheds tributary to the parks, especially New River Gorge Nationa River, would
be useful to park management. Databases covering active mine permits, abandoned mine
sites, and permitted mines discharges are maintained by the West Virginia Division of
Environmental Protection.

Mountaintop removal mining activity, which involves the removal of complete seams of
coal and all overburden and the disposal of this material into adjacent valleys, has
occurred and is projected to occur in an area from Mingo County northeast to Webster
County (Figure 5) (Fedorko and Blake 1998). This projected area covers most of the
northern half of Nicholas County and would be visible to, and include parts of, the
Gauley River National Recreation Area. The Peters Creek drainage would be among
areas potentially impacted. Little is known about the impacts of valley fills from
mountaintop removal upon tributary watersheds (Ronald Evaldi, U. S. Geological
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Table 13. A summary of common sources and impacts of stream pollution associated with coal mining
(after National Park Service 1987).

Pollution Source Characteristics and Impacts

Mine shafts Seeps from improperly sealed mine shafts may have an orange to
yellow color, low pH (<3.0), high conductivity, and high
concentrations of substances such as sulfate, iron, aluminum,
manganese, and chloride.

Strip mines Erosion from barren strip-mined areas will increase turbidity
downstream following precipitation. Seepage from the spail
areas may have the same characteristics as mine shaft seepage.
Ponds Runoff water from strip-mined areas that accumulates in pondsis
typically coffee-colored and acidic, and it contains the high metal
concentrations typical of acid mine drainage.

Roads Both new and abandoned roads can erode, causing landslides and
high turbidity and/or high sediment loads in streams.
Flooding and High Flows Polluted streams that are choked with fallen vegetation and sediment

will flood during periods of high stream flow and kill more
vegetation. Also, mining activity can increase peak flows by a
factor of threeto fivein small watersheds.

Survey, personal communication 1998). Mountaintop removal impacts from minesin the
projected area would probably be minimal on New River Gorge National River and of no
consequence to Bluestone National Scenic River due to the distance of these park units
from the projected area of mountaintop mining. However, mountaintop removal mines
exist outside of the projected areathat may affect the parks.

Stream sediments in areas with a history of coal mining may exhibit high concentrations
of polycyclic aromatic hydrocarbons (PAH). Analysis of three coal samplesfrom the
New River area showed them to contain between 20 and 85 percent PAH’s by weight. In
this area PAH’ s are present in sand- and finer-sized particles, and may present a
significant threat to aguatic life. They have been shown to cause many lethal and
sublethal adverse effects on avariety of aquatic organisms (Eisler 2000), including liver
tumors in bottom feeding fish (Baumann et al. 1991). Unpublished USGS statistical
analysis correlated PAH’ s with external fish anomaliesin the New-Kanawha River
watershed. Concentrations of many PAH’sin streams draining mined areas in or near the
park exceeded Environment Canada’ s Probable Effects Level for the protection of
aguatic life. Moreinformation is needed on PAH’sin park streams to determine how
severe athreat they represent to aquatic life. This concern is addressed by the
recommended action: Deter mine Partitioning of Polycyclic Aromatic Hydrocarbons
in Streams of the New River Water shed.

A report (Sullivan 1992b) on oil and gas development in and near the three park units
determined that there are 16 active, two shut-in, and five plugged and abandoned gas wells
within Gauley River National Recreation Area. Another 61 gaswells are located within %2
mile of the park boundary. Because pressure in the gas reservoir in this area had dropped

113



from 650 pounds per square inch (psi) to 2to 5 psi by 1991, future production was
forecasted to come from deeper unitsto the west of the park. However, there was
speculation that the mature shallower fields of the park could be used for natural gas
storage. Thereis also an extensive pipeline gathering and compression system connecting
the wellsto amgjor intrastate line. In New River Gorge National River there is one active,
one shut-in, and four plugged wells. The park has acquired surface ownership for al of
these except the active well. Bluestone National Scenic River has no gas wellswithin its
boundaries, although amagjor oil and gas pipeline crosses the park. No oil wells are present
in the any of the parks. Gas development activity has increased markedly since 1992, and a
revision of the earlier report is underway.

Facilities associated with oil and gas devel opment include producing, shut-in, plugged, and
saltwater injection wells; petroleum, gas, and saltwater pipelines; active reserve and buried
reserve pits; and storage tanks, as well as an extensive network of roads. Thereisahigh
potential for oil or chemical contamination of park waterways and aquifers from this
development.

Potential, general effects of oil and gas activities on water resources are summarized in
Table 14. Effects on water quality may be significant. Impacts to surface water quality are
more likely to be short term and difficult to track, whereas impacts to ground water should
be considered as long-term impacts. The retention time of pollutants in surface water may
be months. The retention time for pollutants in ground water is commonly measured in
decades or centuries. For this reason, pollution of ground water can be considered a
significant, irreversible and irretrievable loss. The contamination of aquifers could also
result in eventual contamination of surface watersthat are in hydraulic contact with the
aquifers. The magnitude of water contamination depends upon the volume of fluidslost,
the local geography, and the composition of the fluids.

Specifically, during drilling and pumping activities, the potential existsfor spills and leaks
of drilling fluids, muds, oil, or produced wastes. Drilling fluids and natural ground water
encountered in the drilling process are often high in dissolved salt content (especially
sodium, calcium, magnesium, and chloride) and sometimes contain heavy metals such as
barium, cadmium, chromium, lead, strontium, and zinc (National Park Service 1987a).
Bicarbonates, carbonates, sulfates, sulfides, and oil may aso be associated with produced
waters and drilling fluids. The potential also exists for spills or leaks of such substances as
detergents, fuels, machinery fluids, and toxic chemicals. Trucks transporting oil or
produced water pose further spill hazards, and storage tanks or pumping stations sometimes
rupture. Herbicides sprayed for brush control aong pipelines and other cleared areas can
enter streams by way of storm runoff. Finaly, fallout of airborne particles (such as dust)
can contribute to water pollution problems.

The largest volume of waste associated with oil and gas activities is produced water (brine).
Most issaline. Tota dissolved solidsin produced water ranges from several hundreds parts
per million (ppm) to over 150,000 ppm. Seawater, by comparison, istypically about
35,000 ppm. These high dissolved solid concentrations greatly impact freshwater
resources. One barrel of brine can contaminate up to 1,000 barrels of freshwater (National
Park Service 1987). Brine usualy contains asmall percentage of oil (0.10 to 0.33 percent
by volume), dissolved gases such as hydrogen sulfide, and possibly trace el ements which
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can also impact water quality. The actual composition of brine varies widely and needsto
be determined to ascertain the potential impact of aspill. The oil and gas development
inventory for the three parks (National Park Service 1991) noticed evidence of brine
discharged directly to the ground during well cleaning.

Table 14. Potential effects of oil and gas activities on water resources. Modified from U. S. Forest Service and
Bureau of Land Management (1991).

Activity Potential Effects

Exploration road and drill pad construction Increased runoff, erosion, and sediment to streams and
impoundments. Impacts to aguatic floraand fauna.

Drilling reserve pit operations Releases of produced brineg, drilling mud and additives,
and low hydrocarbons to surface and/or shallow ground
water. Potential mortality of aguatic floraand fauna.

Blow outs Releases of brine, drilling fluids, and hydrocarbonsto
surface. Potential surface and ground water
contamination effects. Potential mortality of aguatic flora
and fauna.

Production salt water disposal L eakage from collector lines to surface or shallow ground
water. Leakage from injection wells to potable water
aquifers. Spillswould kill vegetation and sterilize soil.
Potential for mortality of agquatic flora and fauna.

Abandonment well plugging Migration of brines through incompetent sealsto potable
aquifers.

Seepage and/or rupture of pipdines/storage tanks Release of product to surface. Potential surface and
ground water contamination effects. Potential mortality
of aquatic floraand fauna.

Accidents from tanker truck spills Release of product to surface. Potential surface and
ground water contamination effects. Potential mortality
of aguatic floraand fauna.

Oil and gas devel opment has the potentia to directly effect the aquatic flora and fauna by
causing mortality. The most likely direct effect linked with mortalities would be associated
with chemical spills and leaks whereby chemical contaminants find their way into
watercourses. Thereis sufficient field and laboratory evidence that demonstrates both
acute and lethal toxicity and long-term sublethal toxicity of oils and petroleum distillates to
aquatic organisms (U. S. Environmental Protection Agency 1986). Depending upon the
type of petroleum compound and the flora and faunainvolved, lethal toxicities can be
highly variable. Crude oil in concentrations as weak as 0.4 mg/l can be extremely toxic to
fish. Also certain petroleum products that appear to have no soluble poisonous substances
become deadly when emulsified by agitation, as would be the case in the often turbulent
stream flowsin three park units. Oily substances can harm aquatic life by: 1) adhering to
gillsand interfering with respiration; 2) coating and destroying algae and other plankton; 3)
coating stream bottoms and destroying benthic organisms; and 4) direct lethal toxic action.

Direct monitoring of minera development activities is outside the scope of the park water
resources staff. Presently this monitoring is accomplished by aterrestrial biologist, but the
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need to hire a dedicated mineral speciaist has been identified by park management.
Communication among park staff, producers, and responsible agenciesis essential to
dealing with the potentia threats from mineral activities. Maintaining the existing water
quality monitoring program, and remaining flexible enough to deal with emergencies, are
the most effective ways to deal with this potential threat. For these reasons, no specific
recommended action is presented.

Future Development

The development plans listed below are typically flexible and change rapidly and thus
represent only a snapshot of recent conditions. National Park Service officials must stay
abreast of these development topics, for local entrepreneurs and government officials are
aggressively promoting economic development in many areas near the parks.

The present highway system in southern West Virginia, which includes Interstates 64 and
77 and the divided four-lane U.S. Route 19, provides easy access to the three park units
and surrounding communities for millions of potential visitors. According to the web
page of the 4-C (County) Economic Development Authority, which promotes the
economic development of Fayette, Nicholas, Raleigh, and Summers Counties, more than
17 million people live within a 200-mile radius and more than 57 million live within a
300-mile radius of this area.

Considerable economic development is in progress or in the planning stages along or in
close proximity to Route 19 (Judy Radford, 4-C Economic Development Authority,
personal communication 1998). One proposed development is the Sun Mountain Resort
between Mount Hope and Oak Hill. Plansfor this 800-acre tract feature a 360-room
hotel, a conference and music center to seat 20,000, a housing development, and a
professional golf course. Some ground clearing has occurred at this site, but financial
backing appears to be inadequate, and no new work has occurred for about two years. A
new industrial park within the city of Mount Hope has recently opened, and is recruiting
occupantsto fill its capacity. The West Virginia National Guard is proposing a 35-acre
facility for the Glen Jean area. At one time financial backing was being sought to help
fund an 11,000 to 12,000 acre wildlife park near Glen Jean. This proposal has not moved
forward in the last couple of years. Additional ground clearing for proposed commercial
development has occurred in the Bradley area between Beckley and Mount Hope. Like
the Sun Mountain project, this surface disturbance occurs in the Dunloup Creek
watershed. Both projects have aroused the concern of members of the Dunloup Creek
Watershed Association.

Present developmentsin Mercer County, which has its own economic devel opment
authority, include Turnpike Industrial Park in Princeton and Cumberland Industrial Park
near Bluefield. The county is recruiting primary processors and secondary manufacturers
of wood products. A U.S. Forest Services Laboratory and hardwood technology center
near Princeton provide assistance in hardwood research, utilization, and marketing
(Development Authority of Mercer County, written communication 1998). Severa new
motels are being planned and constructed along I-77 in Mercer County (Janet Bailey,
Director, Development Authority of Mercer County, personal communication 1998).
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New River Gorge Nationa River could be impacted both directly and indirectly by the
construction of a proposed two-lane scenic parkway (New River Parkway), complete
with recreational facilities, along the New River. The West Virginia Department of
Transportation, Division of Highways is proposing the construction of a 10-mile stretch
of scenic highway from 1-64 to Hinton, West Virginia. The proposed route of the New
River Parkway will cross the New River once at Sandstone and will proceed south along
the westside of the river mainly following the routes of existing roadways. Construction
of the New River Parkway was projected to begin in late 2000 (Norse Angus, West
VirginiaDivision of Highways, personal communication 1999). Local opposition to
some aspects of the plan has delayed its implementation.

The New River Parkway may increase area development and impact the local
environment. Construction will provide quick accessto the New River Gorge National
River from [-64, and may attract more visitors. The Federal Highway Administration and
West Virginia Department of Transportation (1998) projects traffic increases to be over
700 percent by the year 2014, as opposed to an increase of only about 30 to 40 percent
for the no-build alternative. The New River Parkway will increase sediment loading
during construction and storm runoff during and after construction. In addition to water
resources, it will impact scenic views, flora, and faunato different degrees (U.S.
Department of Transportation et al. 1998).

The West Virginia American Water Company recently constructed a regional water
system in central Fayette County that provides water to 6,000 customers. Customers
include families on existing water treatment systems and families not currently supplied
with public drinking water. The treatment plant is located on the New River near
Beckwith, a short distance downstream from the downstream park boundary. This
regional water system will increase the number of households on public water supplies,
will take eight existing water plants offline, but will not provide any sewage treatment
facilities (Fayette County Water Resources Plan 1997, Allen Parsley, West Virginia
American Water Company, personal communication 1999). Sewage treatment, where
existing for customers of the new water system, will be handled by existing sewage
treatment plants. Fayette County and the community of Ansted are considering
improvements to sewage treatment for future customers of the regional water system
(Allen Parsley, West Virginia American Water Company, personal communication
1999).

Low Priority Issues

| mpoundments

New River Gorge National is affected by operation of Bluestone and Claytor dams.
Bluestone Nationa Scenic River is affected by operation of Bluestone Dam. Gauley
River National Recreation Areais affected by operation of Summersville Dam. General
effects of these dams are changes in flow characteristics, water quality, and riparian and
aguatic habitats. Geomorphic channel alterations may also be taking place, but studies
addressing this question were not found. Other dam-related issues include changesin
operational regimes at Bluestone Dam (dam safety, drift and debris, hydropower) and
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Summersville Dam (hydropower). Construction of a proposed dam on Greenbrier River
also would affect water resources in New River Gorge National River.

Bluestone Dam is operated for flood control and recreation (Gary Mankin, U.S. Army
Corp of Engineers, personal communication 1998). The general operation scenario
attempts to maintain a steady recreational pool within Bluestone Lake, except when
additional waters are retained to minimize flooding. Also, discharge from Greenbrier
River ismonitored to assist in scheduling peak releases of retained storm water from
Bluestone Dam. Daily adjustments of discharge are required to maintain a constant pool
elevation because of hydropower regulation at Claytor Dam located upstream. The daily
adjustments are advantageous to the rafting industry because they generally dampen
short-period increased discharges into longer-period steadier discharges. Thisalows
rafting groups to remain apart on theriver.

Figure 20 illustrates conditions before and after flood-control regulation. Annual peak
discharges before regulation (1949) were generally greater than annual peaks since
regulation, and extremely large peaks have been attenuated.

Summersville Dam is operated for flood control, recreation, and water-quality
augmentation (Gary Mankin, U.S. Army Corp of Engineers, personal communication
1998). The general operation scenario attempts to maintain a steady recreational pool
during summer months. Exceptions occur when waters are retained to minimize
flooding, or are released to augment water quality (increase dissolved oxygen and
decrease water temperature) in Kanawha River (Steelhammer 1995). The scenario
reduces the pool level during fall to increase flood-retention potential through winter and
spring. Thisfall drawdown is conducted to be advantageous to the rafting industry when
water-quality augmentation responsibilities have not depleted storage.

Effects from flood-control regulation are shown at the USGS gauging station Gauley
River above Belva (Figure 21). Similar to New River, annual peak discharges on Gauley
River prior to regulation (1965) were greater than annual peaks since that time, and
extremely large peaks have been attenuated.

Reduction in water temperature and potential to elevate dissolved oxygen downstream
from the dams are the primary water quality issues for Bluestone and Summersville
Dams. These dams are bottom-release facilities that decrease stream temperature in the
tailwaters. Summersville Dam isthe larger impoundment, and cooler waters from its
depths allow trout fishing to exist in the tailwaters within Gauley River National
Recreation Area.

Recent construction of a 100-megawatt power generation facility at Summersville Dam
will take advantage of existing lake elevations and release patterns. A license issued by
the Federal Energy Regulatory Commission includes requirements for a raptor protection
plan for power lines, flow and water quality (dissolved oxygen and temperature)
monitoring plans, erosion control plan, and a plan to construct a commercial raft
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launching facility (Ken Stephens, New River Gorge National River, personal
communication 1998).

The licensee will generate hydropower only from those flows established by the West
VirginiaNational Interest River Conservation Act of 1988, the act that established the
annual drawdown schedule that is favorable to whitewater rafting.

Ongoing renovation at Bluestone Dam will allow management of the maximum probable
flood. Original design criteriafor the Bluestone Dam were based on the maximum
known flood (1878). Renovation includes raising the height of the dam by 13 feet, and
anchoring the gravity dam to the bedrock. This renovation would not change the lake
elevation or the regulation scenario described previously, athough at extremely high
inflow levels Bluestone Lake would encroach farther into Bluestone National Scenic
River.

The passage of drift (wood, other natural materials) and debris (trash, other man-made
materials) through Bluestone Dam into New River Gorge National River is an ongoing
issue. The dam was originally designed as a hydropower and flood control structure, but
was subsequently changed to a flood control-only structure. The design pool elevation
was reduced 80 feet to increase flood storage, thus causing the trash chute to become
unusable. In the past, Corps of Engineers policy was to pass all debris and drift through
the dam in an episodic event following upstream flooding (U.S. Army Corps of

Engineers 1985b). In cooperation with the National Park Service and the rafting

industry, the Corps of Engineers experimented with ways to separate the debris from the
drift, passing the drift through the low-level dluice gates while disposing of the debrisin a
landfill. These experiments led to the current plan of constructing a multi-level intake
tower upstream of the dam face and atunnel through the dam (Jim Twohig, U.S. Army
Corp of Engineers, personal communiation 1998). This structure will allow drift to flow
downstream concurrently with the event rather than being stored in Bluestone Lake and
passed downstream at alater time. If the drift-and-debris chute changes the dam from a
bottom release to atop release structure (thisis a possibility, although construction details
were not reviewed), then magjor changes in stream temperature, chemistry, and ecology
could occur in New River within New River Gorge National River. The magnitude of
these changes is unknown.

Proposed power generation at Bluestone Dam would raise the elevation of Bluestone
Lake by aminimum of 11 feet (U.S. Army Corps of Engineers 1984). Thiswould flood
approximately 250 acres of Bluestone National Scenic River. The Water Rights Branch
of the National Park Service's Water Resources Division has concluded that a water
rights conflict between the reservoir project and New River Gorge National River does
not exist. The legidlation creating New River Gorge National River recognizesthe
purposes of both the park and Bluestone Dam, and stated that the Corps of Engineers
should coordinate and cooperate with the National Park Service in scheduling rel eases
from Bluestone Dam. The Water Rights Branch also concluded that no water rights
conflict exists between the project and Bluestone National Scenic River. Enabling
legidation for this park recognized the reservoir project and provided that nothing in the
legislation creating the park shall affect or impair purposes of flood control, recreation,
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fish and wildlife, and hydropower (National Park Service 1995c). However, there
remains alegal question surrounding the potential conflict between the requirement for a
“free-flowing” river under the Wild and Scenic Rivers Act (National Park Service 1994b)
and the effects that would result from a changein lake elevation. If the hydropower
proposal becomes reality, the National Park Service should request that the Office of the
Solicitor address this question.

Construction of aflood-control dam on Greenbrier River would further regulate
streamflow in New River Gorge National River. This project has been proposed in the
form of awet dam on the main stem, one or more dry dams, and headwater dams on
tributary streams (Lisa Metheney, U.S. Army Corp of Engineers, persona
communication 1998). According to U.S. Senator Robert C. Byrd in a press rel ease dated
Monday, June 1, 1998, authorization of a dam on the main stem of the Greenbrier River
is“virtualy nil.”

Regulation of flows in rivers brings about fundamental change in their structure and
function (Vannote et al. 1980). Unaltered river ecosystems form a continuous strand
from headwaters to mouth, in which processes taking place upstream strongly influence
downstream dynamics, and to some extent the reverse occurs aswell. A substantial
fraction of the energy base of streams, especially smaller headwaters, is allochthonous
through both surface and subsurface pathways. Flow regulation disrupts the natural
conditions, both longitudinal and lateral, that strongly influence river ecosystems.

Flow regulation induces major discontinuities to resource gradients and zonation patterns
along the longitudinal dimension (Ward and Stanford 1995). Biodiversity patterns aong
regulated rivers are characterized by major declines at riverine sites immediately
downstream from dams, followed by relatively rapid increases concomitant with the
recovery of environmental conditions. Stream regulation alters virtually all
environmental variables downstream.

The sublethal effects of modified flow and temperature regimes are paramount in
structuring biotic communities below many dams throughout the world (Petts 1984). For
example, as a consequence of water’s physical/chemical properties, the seasonal pattern
is for downstream river water to be warmer than normal during the winter, cooler during
summer, and of reduced seasonal amplitude overall. Total annual degree-days may be
guite similar to an unregulated river, but the seasonal pattern of degree-day accumulation
can change substantially. This can have consequences in species’ life histories.

Secondly, regulation tends to isolate the river from its floodplain. Floodplains are created
and maintained by the flood events that river regulation prevents. Therefore regulation
prevents regeneration of floodplain sediments and water bodies, and doesn’t allow the re-
setting of succession of riparian and other floodplain vegetation. Isolation of the flood
plain from ariver does not alow formation of new floodplain, and accelerates the trend
toward terrestrial conditions in existing floodplain habitats.

The impacts of flow alteration on river biota and their communities have been well-
documented (Cushman 1985, Ward and Stanford 1995, Petts 1984, Calow and Petts
1992). However, abetter understanding of cause and effect relationships, and of best
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management alternatives to minimize negative impacts, is needed (Allen 1995). Within
regulated rivers, it is the consensus of the scientific community that the lack of
hydrological variation (e.g. flow, sediment load, and water temperature) alters channel
morphology, habitat suitability, and primary production. These alterations reduce habitat
diversity and patchiness, prime factors in reductions in species diversity (Poff and Ward
1989, Sparks 1995, Stanford et al. 1996). The perpetuation of native aquatic biodiversity
and ecosystem integrity depends on maintaining or restoring some semblance of natural
flow variability (Richter et al. 1996).

In an unaltered northeastern river, Bain et al. (1988) noticed that an abundant and diverse
assemblage of small fish species and size classes were restricted to microhabitats
characterized asrelatively shallow in depth, slow in current velocity, and concentrated
along stream marginsin riffles and pools. These shoreline habitats harbored over 90
percent of all fish and most of the speciesin theriver. They developed afish community-
habitat model that reflected the simple pattern between the fish community in an
unaltered river and the available instream habitat. This model conflicted with the
traditional view of streams as alinear (vertical) sequence of riffle and pool habitats by
emphasizing a shoreline-midstream orientation (horizontal).

The model was then applied to a highly regulated northeast river (Bain and Travnichek
1996). The normally abundant and diverse shoreline fish assemblage was reduced in
river reaches with highly regulated flows and absent at sites with the greatest flow
fluctuations. Fish species and size classes that used either a broad range of habitat, or a
microhabitat that was concentrated in midstream areas were found in elevated densities as
agroup and peaked in abundance at the most flow regulated sites. These findings
suggested that frequent and high flow variability imposed functional habitat

homogeneity. The reduction and elimination of the shoreline fishes under fluctuating
habitat conditions indicated that this assemblage was not able to effectively persist inits
particular microhabitat even though it physically existed at all stream discharges. Without
the functional availability of shallow, slow, shoreline habitats the river environment
became one general type of usable habitat that was dominated by afew habitat generalists
and those species specializing on channel habitats.

Bain and Boltz (1989) extended the results of Bain et al. (1988) to develop a hypothesis
of how regulated flow would change fish communitiesin largerivers. Their ‘regulated
flow impact hypothesis' states that fluctuating flows change the densities and species
composition of fish differently in shoreline and midstream habitats, and the extent of the
change depends on the severity of flow regime alteration and distance downstream from
dams. Based on this hypothesis, several predictions were postulated. These include:
fluctuating river flows reduce the diversity and abundance of fish in shoreline habitats;
fluctuating river flows have little affect on the abundance of midstream fish; species
composition of midstream fish is dominated by habitat generalists; and species
composition and abundance show a gradient as the effects of flow regulation diminish
downstream.

Bain and Boltz (1989) tested these predictions in the regulated Tallapoosa River of the
Southeast. These predictions, and others, were confirmed. It appears that the most
sensitive measure of regulated flow effectsis the response of the fluvial specialist
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component of fish assemblagesin shoreline habitats. This fish habitat unit has been
repeatedly found to be the most sensitive to flow alterations (Bain and Boltz 1989).

Riparian Area Management

Physically, riparian areas control mass movements of materials and channel morphology
(Naiman and Decamps 1997). Material supplied to streams comes from erosion of stream
banks, a process influenced by root strength and resilience, as well as from the uplands.
Stream banks largely devoid of riparian vegetation are often highly unstable and subject to
mass wasting that can widen channels by several to tens of feet annually. Mgjor bank
erosion is 30 times more prevaent on non-vegetated banks exposed to currents as on
vegetated banks (Beeson and Doyle 1995).

In addition riparian areas provide woody debris. Woody debris piles dissipate energy, trap
moving materials, and create habitat (Naiman and Decamps 1997). Depending upon size,
position in the channel, and geometry, woody debris can resist and redirect water currents,
causing amosaic of erosional and depositional patches and habitats in riparian areas of
streams (Montgomery et al. 1995).

Riparian forests exert strong controls on the microclimate of streams, especially small ones
(Naiman and Decamps 1997). Stream water temperatures are highly correlated with
riparian soil temperatures, and strong microclimatic gradients appear in air, soil, and
surface temperatures, and in relative humidity.

Ecologicaly, riparian areas. provide sources of nourishment (allochthonous inputsto rivers
and herbivory); control nonpoint sources of pollution (in particular sediment and nutrients,
in agricultural watersheds); and create, through variationsin flood duration and frequency
and concomitant changes in water table depth and plant succession, a complex of shifting
habitats at different spatio-tempora scales (Naiman and Decamps 1997).

The habitats of riparian zones have evolved in acycle of flood and drought, but itisa
system in which there is a natural repeating cycle of events. Riparian vegetation (for that
matter, all floodplain vegetation), therefore, is adapted to natural flood regimes. Those
species found on floodplains are there because they are better adapted to the conditions
than nearby upland species. Five factors are critical in determining an individual plant’s
response to changesin water level: 1) the time of year during which flooding occurs; 2)
flood duration; 3) water depth at time of flooding; 4) amount of siltation resulting from
flood waters; and, 5) flood frequency (Buhlmann et al. 1987).

A delicate balance exists between the flora and fauna of riparian habitats and the annual
flood regime. Unusually high summer flows may scour beds of agquatic vegetation
reducing cover for young of the year fish, turtles, and invertebrates. Summer destruction
of these plant beds may affect waterfowl food supply and survival the following winter.
I1l-timed artificial flows may destroy larvae of amphibians by flushing them from pools
and backwaters. Eggs of reptiles buried on sandbars and islands may be inundated and
drown. Ground nesting birdsin riparian habitats may also experience high mortality of
nest and nestlings.
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Just as altering the flood timing and duration may impact riparian ecosystems, so also
will reducing the magnitude of flooding. Petts (1984) states that flood-control facilities,
like Bluestone Dam, reduce normally higher winter flows and increase normally low
summer flows. Over the course of a one-year cycle, these dams smooth out the variation
that naturally occursin aflood and drought cycle. Elimination or reduction in frequency
of flooding limits opportunities for exchanges between the river and its former
floodplain, so that processes that cause channel migration and construction of new
wetlands and/or riparian areasisinhibited. Before the attenuation of flood peaks, the
natural process was more effective (Norris 1992). Successional changes have already
been documented where former riparian habitat is converting to stable upland
communities (McDonald and Trianosky 1995). The greatest management concern
associated with flow regulation may be insuring that riparian habitat remainsin a
condition of flood-scoured rocky and sandy riverbanks. This habitat supports most of the
documented rare species at New River Gorge Nationa River, Gauley River National
Recreation Area, and Bluestone National Scenic River (Norris 1992).

The U.S. Bureau of Land Management has developed guidelines and procedures to
rapidly assess whether a stream riparian areais functioning properly in terms of its
hydrology, landform/soils, channel characteristics, and vegetation (Prichard et al. 1998).
This assessment, commonly called Proper Functioning Condition (PFC), is useful asa
baseline analysis of stream condition and physical function, and it can also be useful in
watershed analysis.

PFC is amethodology for assessing the physical functioning of ariparian-wetland area.
It provides information critical to determining the health of ariparian ecosystem. PFC
considers both abiotic and biotic components as they relate to the physical functioning of
riparian areas, but it does not consider the biotic component asit relates to habitat
requirements. For habitat analysis, other techniques must be employed.

PFC isauseful tool for watershed analysis. Although the assessment is conducted on a
stream reach basis, the ratings can be aggregated and analyzed at the watershed scale.
PFC, along with other watershed and habitat condition information, provides a good
picture of watershed health and causal factors affecting watershed health.

|dentifying streams and drainages where riparian areas along streams are not in proper
functioning condition, and those at risk of losing function, is an important first step
towards the ultimate goal of restoration. Physical conditionsin riparian zones are
excellent indicators of what is happening in a stream or drainage above.

With the results of PFC analysis, it is possible to determine stream corridor and
watershed restoration needs and priorities. PFC results may also be used to identify
where gathering more detailed information is needed, and where additional data are not
needed.

PFC is not a quantitative field technique. An advantage of this approachisthat it isless
time-consuming than other techniques because measurements are not required. The
procedure is performed by an interdisciplinary team and involves completing a checklist
evaluating 17 factors dealing with hydrology, vegetation, and erosional/depositional
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characteristics. Training in the technique is required, but the technique is not difficult to
learn. While mainly developed in the arid West, it is applicable to riparian areas of the
East.

Two recommended actions address thisissue. One proposal is more general, given the
basic lack of knowledge about riparian zones in the three parks. This recommended
action is Assess Riparian Conditionsin New River Gorge National River, Bluestone
National Scenic River and Gauley River National Recreation Area. The second
recommended action, | nvestigate Effects of River Regulation on Rare Plant
Communities, is more focused on a specific concern. This second recommended action
also addresses concerns in the Impoundments issue.

Hazardous Spills and Waste Sites

Potential sources of hazardous materials and toxics include accidental releases by such
means as train derailments, tanker-truck highway accidents, and spraying of herbicides
along railroad right-of-way and include leachate and runoff from landfills, Superfund
sites, industrial sites, and military sites. Other sources of hazardous and toxic materials
previously discussed include municipal and industrial discharges and urban and
agricultura runoff.

A main rail line of the CSX Railroad runs the length of New River Gorge and connects
the chemical plants of Kanawha Valley to markets in the east and south. The National
Park Service (1996a) documents four derailmentsin 10 years on thisrail line. All of the
derailments spilled only coal except one, which involved sulfated mercury. Three
derailments have occurred in the last 5 years. Two involved coa and one of these
introduced a small amount of oil into the New River. The third incident involved corn.
Herbicides are sprayed on railroad property, after which they can be washed into New
River by rains occurring immediately after spraying. Two major highways (1-64 and U.S.
Route 19) and four smaller roads cross New River. Tanker-truck spills could easily reach
New River (National Park Service 1996a). Bridges crossing New River within or just
upstream of New River Gorge National River include: Highway 82 at Fayette; CSX
Railroad near Sewell; CSX Railroad at Thurmond; Highway 25 at Stone Cliff; Highway
41 at Prince; CSX Railroad at Prince; 1-64 near Sandstone; Highway 20 at Hinton; and
Highway 3 at Hinton (Appel and Moles 1987).

A former line of the Nicholas, Fayette, and Greenbrier Railroad followed the left bank of
Meadow River to its mouth and then the left bank of Gauley River to Peters Junction.
There, it crossed the river and followed the rightbank to Gauley Bridge. Coa wasthe
primary freight shipped on thisrailroad. Therail lineisno longer in service, and the
tracks have been removed. Thisline may become arail-trail at alater date. No highways
cross Gauley River or its floodplain in the park, but Meadow River is crossed by U.S.
Route 19 at the upstream end of the park, as well as by many bridges upstream of the
park, including one on Interstate 64. Contaminant spills could occur at any of these
Crossings.

Time of travel studies ssmulated the movement and dispersion of soluble and insoluble
contaminants from such a spill through New River Gorge Nationa River (Appel and
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Moles 1987). This study produced ways to determine degree and time of passage of peak
concentrations of contaminants at any point downstream from a chemical spill into New
River. Later work calibrated models for solute transport in New River (Wiley and Appel
1989, Wiley 1992). The models provide a means of mitigation of contaminant spills by
increasing streamflow with releases from Bluestone Dam (Wiley, 1993). No such
information is available for Bluestone, Meadow, or Gauley Rivers. Of theserivers,
Gauley River (with Summersville Dam) is the only one where a spill could be mitigated
with streamflow manipulations. This concern is addressed by two recommended actions:
Determine Travel Time and Dispersion of a Conservative Solute for the Gauley
River in Gauley River National Recreation Area and Deter mine Wave Propagation
for the Gauley River in Gauley River National Recreation Area.

An abandoned landfill located at the head of Rush Run and once operated by Fayette
County may be leaking leachate into ground and/or surface water (National Park Service
1996a). This leachate could reach Rush Run and be transported to New River. Scattered
illegal dumping occurs throughout southern West Virginia. Lighter trash easily washes
into small streams from the illegal dumps. An examination of an online landfill database
maintained by the West Virginia Division of Environmental Protection (1999c) revea ed
the existence in 1986 of several landfills and dumps in the counties of Fayette (28 sites),
Mercer (22 sites), Nicholas (nine sites), Raleigh (eight sites), and Summers (eight sites).
Landfillsin these counties that are probably draining towards the park unitsinclude 10 in
Fayette County (New River and possibly Meadow River), 20 in Mercer County
(Bluestone River), two in Nicholas County (Gauley or Meadow Rivers), four in Raleigh
County (New River), and six in Summers County (New River). Most but not all of these
landfills were active in 1986. Several of the landfills active in 1986 are probably inactive
today, and landfills opened after 1986 may need to be added to the database.

An online database of Superfund sites maintained by the U.S. Environmental Protection
Agency (1999b) does not list such sites for any of the five counties in which the parks are
contained. Reclaimed Superfund sites are not listed in this database. According to the
water resources scoping report (National Park Service 19964), the EPA directed the
removal of over 4,700 tons of PCB-contaminated soil in 1987 and an additional 500
cubic yards of soil in 1990-91 from an abandoned transformer and capacitor rebuilding
facility on Arbuckle Creek. Streambed sediments and fish tissue have not been checked
for PCB concentrations.

Park personnel have reported effluent leaking from a closed military training site located
within the park boundaries of New River Gorge National River (Nationa Park Service
1996a). The U.S. Army Corps of Engineers once used this site to train engineersin the
construction and demolition of floating bridges. The facility reportedly used an unlined
grease pit to service vehicles, and residents observed a semi-truck dumping barrelsinto
the pit and covering them. The park received funding to conduct a restricted phase 11
environmental site assessment for thislocation. The park built a campground at this site.

RECOMMENDED ACTIONS

Project statements are standard National Park Service programming documents that
describe a problem or issue, discuss actions to deal with it, and identify the additional
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staff and/or funds needed to carry out the proposed actions. They are planning tools used
to identify problems and needed actions and are used to compete with other park projects
for funds and staff. The following 24 project statements constitute the water resources
management program for New River Gorge National River, Gauley River Nationa
Recreation Area, and Bluestone National Scenic River.
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Microbial Reconnaissance of New River Gorge National River

RMP Project Number: NERI-N-001.129
PMIS Number: 91433

Background

More than 200,000 visitors annually raft the whitewater rapids of New River Gorge
National River. During hot summer days, rafters typically enjoy floating through
swimmer’ s rapids, jumping from rocks along the river, and participating in numerous
water battles between rafts. Even if these pursuits are avoided, all participantsin the
rafting trips are thoroughly soaked while negotiating the more challenging rapids, and a
few unfortunate souls even experience a surprise dip in theriver. Direct contact with the
waters of the New River cannot be avoided during whitewater rafting expeditions.

Since 1985 the National Park Service and West Virginia Division of Environmental
Protection have monitored fecal coliform bacteria densities at several New River
mainstem and tributary sites. This monitoring has documented high concentrations of
bacteriain many of the tributaries to New River (National Park Service 1996, Wilson and
Purvis 2000). Severa samples have produced densities greater than 100,000 fecal
coliform colony forming units per 100 milliliters of water (>100,000 FC/100ml). Feca
coliform bacteria are derived from feces of warm-blooded animals (birds and mammals).
Their presence is usually the result of inadequate sewage treatment. In many local cases
sewage treatment is non-existent.

The presence of fecal coliforms indicates the potential presence of pathogens including
bacteria, viruses, or protozoa (Britton and Greeson 1988). Many pathogens are more
persistent than indicator bacteriain an aqueous environment, and once introduced into an
aguatic environment can outlive indicator bacteria by several days. Pathogens have been
reported in natural waters where indicator bacteria are not present (Benenson 1995).
Even treated sewage may still contain pathogens that are much more resistant to
treatment methods than fecal coliforms (Benenson 1995).

Sewage can contain avariety of pathogens including bacteria, protozoa, and more than
100 enteric viruses associated with human feces. Pathogens that could present significant
health hazards in natural waters in West Virginiainclude Giardia lamblia, Leptospira,
Campylobacter, Salmonella, Shigella, Cryptosporidium, Cyclospora, Yersinia
enterocolitica, Norwalk agent, rotavirus, and hepatitis A (Carl Berryman, West Virginia
Bureau for Public Health, personal communication 1999). All of these pathogens can be
transmitted to humans through ingestion of contaminated water, and Leptospira can be
transmitted by contact with contaminated water (Benenson 1995). A recent study by the
West Virginia Office of Laboratory Services that examined stool samples from victims of
diarrhea, found that Giardia lamblia and Salmonella were the most prevalent pathogens
in infected stools (Frank Lambert, personal communication 1999).
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Salmonella is found in contaminated food and water. If ingested they can cause acute
illness manifested as diarrhea, vomiting, and other symptoms. Cryptosporidiumisa
protozoan found in human and animal feces and is transported in surface waters as an
oocyst. Theingestion of from one to ten oocysts causes short-term diarrhea in healthy
humans, but may cause a life-threatening, cholera-like illness in persons with weak
immune systems (e.g. infants, the elderly, and persons with compromised immune
systems). Cryptosporidium oocysts are highly resistant to routine chlorination and are
small enough to escape removal by some filtration methods. Oocysts can survive for
months in cool water. Giardia lamblia is aflagellate protozoan that existsin surface
water as a cyst, may survive for monthsin cool water, and is more resistant to treatment
than most bacteria. The ingestion of Giardia cysts causes diarrhea, but is not life
threatening to healthy individuals. The water-transported enteric viruses can cause a
wide array of diseases including polio, hepatitis, gastroenteritis, and innocuous infections
(BioVir Laboratories 1998, Benenson 1995).

A limited-scope pilot study conducted in 2000 by the U. S. Geological Survey on two
streams tributary to New River Gorge Nationa River detected pathogenic organismsin
both streams (Messinger 2002). Enteric viruses were detected in Madam Creek and
Dunloup Creek. Giardialamblia was detected in Dunloup Creek. Clostridium
perfringens and male-specific coliphage were detected in Madam Creek. Salmonella and
Cryptosporidium were not detected in either stream.

The results of this study suggest that more intensive and extensive research is needed to
accurately document the presence of pathogenic microorganismsin New River Gorge
National River, and to relate the presence and concentrations of these organismsto the
indicator, fecal coliform bacteria. The pilot study used the best available commercial
methods for identifying and enumerating pathogenic organisms. However, these methods
were developed for regular monitoring of water treatment facilities or documenting
causes of disease outbreaks. These methods produced some ambiguous resultsin the
New River Gorge study. A more comprehensive analysisis necessary.

Description of Recommended Project or Activity

The objectives of this study are to: 1) develop and test methods of collecting
representative water samples for analysis of indicator bacteria and pathogens; 2) relate
pathogens to indicator bacteria; 3) determine the best type(s) of indicator bacteriafor
predicting the presence of pathogensin the New River and its tributaries; and 4)
document possible human health hazards during recreational activities (especially
whitewater boating) due to direct contact with river water containing pathogens. The
presence or absence and relative amounts of selected pathogens will be determined for
natural watersin the New River and selected tributaries along sections of the New River
Gorge most often frequented by rafters and kayakers. No data of these types presently
exist.

Selected pathogens will be sampled at sites previously monitored for bacteriain the New
River and its tributaries. Sampleswill be collected and analyzed according to U. S.
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Environmental Protection Agency (EPA) approved and standard methods at EPA
approved independent laboratories, and will include the bacteria Salmonella, the protozoa
Cryptosporidium and Giardia lamblia, and total culturable viruses. Salmonella will be
determined from chilled water samples mailed immediately to the lab for the culturing
(SM18; 9260B). Cryptosporidiumand Giardia lamblia will be determined by
fluorescence assay (EPA 600/R-95/178) from filter units mailed to the lab. Total
culturable viruses will be determined from filter units by the information collection rule
method (EPA 600/R-95/178). Samples exceeding the virus detection limits will be sent
to specialized labs for further identification and/or culturing of specific viruses. Indicator
bacteria, including fecal coliform, enterococci, and Escherichia coli will be collected
concurrently and evaluated as to their reliability in predicting pathogens. Stream
discharge, specific conductance, pH, turbidity, water temperature, and dissolved oxygen
will be collected at each site for reference and to document current stream conditions.
Samples will be collected at base flow at the mouths of tributaries to the New River and
at main stem sites in the summer during peak usage of the New River by rafters.
Additional sampleswill be collected during storm events at tributary sites. Tributary
siteswill be chosen from sites with high fecal coliform concentrations as previously
determined by the National Park Service and West Virginia Division of Environmental
Protection. Both tributary and main stem sites will be selected in river reaches
frequented by commercial whitewater outfitters.

A number of benefits will result from this study including the following: 1) determine
presence or absence of a number of pathogens in the New River and its tributaries within
New River Gorge; 2) determine relationships between pathogens and indicator bacteria
concentrations in streams; 3) determine which bacteriais the best indicator of pathogens
in the New River and itstributaries; and 4) initiate a database for evaluation of stream
conditions most likely to support pathogens. These benefits would address major needs
of the park including development of standards for warning the public of potential health
hazards for primary contact water recreation, and the evaluation of other methods for
assessing health hazards due to sewage pollution.
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Proposed Budget

Thereis potential for an Interagency Agreement with U. S. Geological Survey, Water
Resource Division, Charleston, West Virginia District for a detailed two-year study.

Y ear one costs are estimated at $100,000, and year two costs are estimated at $50,000.
These are preliminary estimates provided by the U. S. Geological Survey. More detailed
funding estimates will be developed later. Potential funding options include NPS/USGS
Water Quality Partnership and National Park Service NRPP.
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Epidemiological Survey of Recreational Water Usersin the
New and Gauley Rivers

RMP Project Number: NERI-N-001.113
PMIS Number: 91434

Background

Visitation to New River Gorge National River and Gauley River National Recreation
Area hasincreased greatly since 1985. Asaresult, more persons are coming into direct
contact with waters of the New and Gauley riversin the pursuit of recreational activities
such as rafting, fishing, kayaking, canoeing, and swimming. The number of annual
visitors to New River Gorge National River has increased from 263,961 in 1985 to
1,240,037 in 1996. The number of visitorsto Gauley River National Recreation Area
was 214,880 in 1996.

Approximately 250,000 people partake of whitewater boating on the New and Gauley
rivers each year. Participants have significant contact with contaminated river water
during the trips. A typical raft includes activities such as swimming through rapids,
diving into the river from adjacent rocks, and numerous water fights to keep cool on hot
summer days. Waves pound the faces of participantsin the front of the boats, and rafters
are thrown overboard while navigating difficult rapids.

Many of these persons are coming into direct contact with waters of the New and Gauley
rivers and their tributaries. Fecal coliform and Escherichia coli bacteria samples
collected in the New and Gauley rivers and their tributaries (Wilson and Purvis 2000)
frequently have produced concentrations far in excess of the West Virginia standard for
water contact recreation (46 CSR 1). Thus these dataindicate a possible risk of health
hazards. Health risksinclude dysentery, typhoid, and hepatitis.

Gathering information on the health of rafters, and possibly other recreational users, for a
period of time immediately following recreational water contact would help describe and
define the actual health risks present.

Description of Recommended Project or Activity

A survey of rafters who have just completed rafting trips down the New and Gauley
riversis proposed to describe health problems encountered after the trip and thusto
define actual health risks associated with recreational contact with waters of these rivers.
A phone survey is proposed. Such a survey would require the cooperation of commercial
whitewater outfitters by providing lists of rafters and their phone numbers, and by
collecting samples along the trip. The questions would be designed to describe the
overall rafting experience, and include questions that would describe any health
symptoms such as diarrhea, vomiting, or fever that could be associated with water-borne
pathogens.
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Arrangements would be made in advance with rafting companies to obtain lists of names
and phone numbers for rafters scheduled for selected dates. Individuals would be asked
to volunteer to take part in ascientific study. Fecal coliform and E. coli sampleswould
be collected from the rafts by trip guidesin sterile bottles provided to them, and would be
stored on ice until transferred to park personnel on shore. Park personnel would transport
samples to the park laboratory, or an independent laboratory, for analysis.

About aweek after the trip, rafters volunteering to take part in the study would be
contacted by phone and asked questions from a professionally designed questionnaire. A
week should be enough time for intestinal symptoms to appear in infected rafters and still
be fresh in their memories. A comparison of the health symptoms and the bacteria
samples collected during the rafting trips could indicate actual health risks. An alternate
and more voluntary means of surveying rafters would be to hand to rafters after their trip
stamped guestionnaire cards addressed to the park to be returned in one week. This
would be lessinvasive to the privacy of rafters, but would probably produce a smaller
data set that could possibly be biased towards individuals who experienced health
problems.

Literature Cited

Wilson, L. and J. Purvis. 2000. Water quality monitoring program, 1994-1997, New
River Gorge National River, Bluestone National Scenic River, Gauley River
National Recreation Area. National Park Service, Glen Jean, WV, 154pp.

Proposed Budget

This proposal is preliminary at thistime. There are several potential methods to
accomplish the project. Theseinclude: 1) Interagency Agreements with either the U. S.
Geological Survey, Water Resource Division, Charleston, West Virginia District, the U.
S. Centersfor Disease Control, or the West Virginia Bureau of Public Health; 2) in-house
by the National Park Service; or 3) athird-party contract with an appropriate vendor. The
U. S. Geological Survey envisions aone-year study that would cost approximately
$50,000.
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Deter mine Animal Sour ces of Fecal Bacteria
in New River Tributaries

RMP Project Number: NERI-N-001.111
PMIS Number: 88050

Background

More than 200,000 visitors annually raft the whitewater rapidsin New River Gorge
National River. During hot summer days, rafters typically enjoy floating through
swimmer’ s rapids, jumping from rocks along the river, and participating in numerous
water battles between rafts. Even if these pursuits are avoided, all participantsin the
rafting trips are thoroughly soaked while negotiating the more challenging rapids, and a
few unfortunate souls even experience a surprise dip in theriver. Direct contact with the
waters of the New River cannot be avoided during whitewater rafting expeditions.

Since 1985 the National Park Service and the West Virginia Division of Environmental
Protection have monitored concentrations of fecal coliform bacteria at several main stem
sites and tributaries to New River. This effort has documented frequent concentrations of
bacteriain both the New River and many of its tributaries that violate West Virginia
standards for primary contact water recreation (National Park Service 1996, Wilson and
Purvis 2000). Some tributary samples have exceeded 100,000 fecal coliform per 100
milliliters of water. High concentrations of fecal coliform bacteria can indicate the
possible presence of pathogenic (disease causing) organisms including bacteria, viruses,
or protozoa (Britton and Greeson 1988). A major suspected source of the fecal bacteria
found in tributaries to the New River are treatment facilities and communities that at
times discharge untreated or partially treated sewage into these tributaries. Bacteria
source tracking could verify this suspected source and determine other sources of fecal
bacteriain these streams.

Sewage influent can contain a variety of pathogens, including bacteria (e.g. Shigella and
Salmonella), protozoa (e.g. Cryptosporidium and Giardia lamblia), and more than 100
enteric viruses associated with human feces. Pathogens that could present significant
health hazards in natural waters in West Virginiainclude Giardia lamblia, Leptospira,
Campylobacter, Salmonella, Shigella, Cryptosporidium, Cyclospora, Yersinia
enterocolitica, Norwalk agent, rotavirus, and hepatitis A (pers. comm., Carl Berryman,
West Virginia Bureau for Public Health, 1999). All of these pathogens can be
transmitted to humans through ingestion of contaminated water, and Leptospira can be
transmitted by contact with contaminated water (Benenson 1995). A recent study by the
West Virginia Office of Laboratory Services examined stool samples from victims of
diarrhea. The study found that Giardia lamblia and Salmonella were the most prevalent
pathogens in the infected stools (pers. comm., Frank Lambert, West Virginia Office of
Laboratory Services, 1999). A recent pilot study confirmed the presence of several
pathogens in the two streams sampled that are tributary to New River Gorge National
River (Messinger 2002).
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Objectives. The objectives of this study are to: 1) develop source libraries of Escherichia
coli (E. coli) isolates for the purpose of identifying the animal sources of fecal bacteriain
ambient water samples; 2) determine animal sources of the fecal bacteria found in water
samples from four selected tributaries to the New River; and 3) analyze differencesin
strains or isolates of E. coli bacteria cultured from human and animal fecesin the New
River Gorge area versus strains or isolates of E. coli bacteria cultured from human and
animal fecesin Berkeley County in the eastern panhandle of West Virginia. If the
bacteriaisolates for these two geographical regions of West Virginiaare similar, they will
be combined into one source library with Statewide and possibly regional application.

Description of Recommended Project or Activity

Approach: During the summer of FY 2003, feces samples will be collected from humans,
deer, geese, and dogs in the New River Gorge area. A minimum of 50 scat samples will
be collected from each of these four animal sources. Each scat sample will be carefully
pulled apart by sterile toothpicks and a small amount of the center of the scat mass will
be removed by a sterile toothpick and will be swirled in avial of sterile buffer that will be
labeled asto animal source. These vialswill be promptly chilled and will be shipped
daily by overnight mail to three bacteria source tracking researchers. Each of these
researcherswill culture and confirm atotal of 100 E. coli bacteriaisolates for each of the
four animal sources. Each researcher will then perform a different type of bacteria source
tracking analysis on the 100 bacteriaisolates to build a source library for the New River
Gorge area. The three source tracking methods will be chosen, based in part, on method
performance of seven source tracking methods now being compared in a current study in
Berkeley County, West Virginia, and, in part, on method cost. The proposed budget will
allow for one genotypic method such as ribotyping or Rep-PCR and two phenotypic
methods such as carbon source utilization by BIOLOG and antibiotic resistance analysis.
Researchers will send the raw data from each bacteria analysis to the USGS microbiol ogy
laboratory in Columbus, Ohio. In FY 2004, the raw data will be compared to the raw data
obtained from the same four animal sources (humans, dogs, geese, deer) in Berkeley
County, West Virginia, to determine possible differences in bacteria strains and thus the
geographical variability for each bacteria source tracking method. A journal article will
be prepared in FY 2004 describing the comparisons of the bacteriaisolates cultured from
fecesin the New River Gorge area versus those bacteriaisolates cultured from fecesin
Berkeley County.

During the summer of FY 2004, water samples will be collected in four streams that are
tributary to the New River and that contain relatively significant concentrations of fecal
bacteria as documented by water-quality monitoring performed for several years

by the Park. The tributaries to the New River suggested by the Park for bacteria
sampling include Dunloup, Wolf, Arbuckle, and Keeney creeks. Water samples from
these streams will be filtered, and bacteria colonies will be plated on site. After proper
incubation, the filters containing the bacteria colonies will be chilled and shipped by
overnight mail to the researcher who will be performing a selected bacteria source
tracking analysis. For each stream site, 150 E. coli isolates will be cultured and
confirmed from the plated bacteriafilters. Theseisolateswill be compared with the
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isolates in the source library and a presumptive identity of animal source will be
established when possible for each isolate. Isolates will be classified to source as human,
dog, deer, goose, or other source. A U.S. Geologica Survey Water-Resources
Investigations Report will be written in FY 2005 that describes animal sources of the fecal
bacteriain each of the four streams.

Benefits: A number of benefits will result from this study including the following: 1)
determination of the animal sources of the fecal bacteriain several streamstributary to
the New River Gorge which will aid in the eradication of these sources; 2) establishment
of bacteria source libraries for the New River Gorge areafor three major bacteria source
tracking methods that will facilitate future bacteria source tracking analysesin the New
River Gorge area; and 3) possible development, depending on the outcome of the
geographical comparison of isolates, of aregional source library of E. coli bacteria
isolates or strains in four animal sourcesin West Virginiathat will aid State water
agencies in devel oping bacteria-based TMDLS.
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Proposed Budget

Cost: FY 2003 - $100,000  ($85,000 from program, $15,000 additional funds will be
supplied by West Virginia District, the Park will supply
labor with estimated value of $7,000 net).

FY 2004 - $100,000  ($85,000 from program plus same additional funds and
labor asin FY 2003).
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FY 2005 - $40,000

(%$35,000 from program, $5,000 additional funds will be

supplied by West Virginia District, the Park will supply
labor with an estimated value of $7,000 net).

Category FY 2003 FY 2004 FY 2005

L abor 28,000 27,000 22,000
Publication Costs 1,000 1,000

Travel 2,000 2,000

Vehicles 3,700 3,600

Postage 1,000 1,000

Laboratory analyses 27,000 25,000

Supplies 1,000 2,000

Net Costs 62,700 61,600 23,000

Gross Costs 100,000* 100,000* 40,000*

*Funding:

Funding source FY 2003 FY 2004 FY 2005
National Park Service/USGS Program 85,000 85,000 35,000
USGS West Virginia District 15,000 15,000 5,000

Note: This project was selected for funding by the National Park Service NRPP Program

in 2002.
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Technical Evaluation of Water Quality Monitoring Program

RMP Project Number: NERI-N-001.114
PMIS Number: 91435

Background
Histor

In 1980, two years after the creation of New River Gorge National River, the National
Park Service recruited the West Virginia Department of Natural Resources to monitor
water quality in the newly created park to establish baseline conditions. Parameters
monitored were fecal and total coliform bacteria, temperature, specific conductance, pH,
dissolved oxygen, biological oxygen demand, akalinity, nutrients, major cations, anions,
and metals for six main stem and nine tributary sites from 1980 to 1984 (Wood 1990a).
These data showed high fecal coliform counts.

In 1985 to 1986 the National Park Service sampled fecal coliform bacteriaat 12 sites on
the New River and eight tributary sites. In 1985 park staff used quick and inexpensive
Coli Counters that were not approved by the U.S. Environmental Protection Agency
(EPA). In 1986 samples were analyzed at alocal U.S. Department of Agriculture
laboratory that used the EPA-approved membrane-filter method.

In 1987 responsibility for water quality monitoring was returned to the West Virginia
Department of Natural Resources. Fecal coliform samples were collected at nine main
stem sites and five tributary sitesin 1987, at nine main stem and six tributary sitesin
1988, and at six main stem and 10 tributary sitesin 1989 (West Virginia Department of
Natural 1989). In addition to fecal coliform, other constituents monitored included metal
cations (total iron, manganese, and aluminum) sulfate, dissolved and suspended solids,
temperature, dissolved oxygen, specific conductance, and pH (Wood 1990b).

Since 1990 the National Park Service has maintained responsibility for the water quality
monitoring program. This program now includes Bluestone National Scenic River and
Gauley River National Recreation Area. Both of these areas were added to the National
Park System in 1988.

The number of sites monitored in New River Gorge National River has varied, with new
sites added, and some sites being discontinued, as conditions warrant. Five sitesare
monitored in each of Gauley River National Recreation Area and Bluestone National
Scenic River. In each of these two parks, three sites are on the main stem rivers, and two
on tributaries. A total of forty-one siteswill be monitored in the three parks during 2003.

Program
The ongoing program primarily focuses on fecal coliform bacteria. Air and water

temperature, pH, specific conductance, and dissolved oxygen are also measured on
bacteria sampling runs. The park laboratory analyzes most samples. For quality control
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purposes, some samples are split, with portions analyzed by one or more local private
testing laboratories.

The frequency of bacteria sampling has varied. Prior to 1998, each site was sampled
biweekly. 1n 1998 sampling frequency was reduced to monthly to allow for more intense
sampling of storm events at one site, Dunloup Creek. In 2002 an extensive storm-event
sampling regime began in response to the floods of 2001.

To evaluate the incidence of acid mine drainage, the metal ions total aluminum, iron and
manganese, along with alkalinity and pH, have been collected quarterly. The frequency
of this sampling recently was reduced due to ageneral lack of acid drainage in the area of
the parks. Thisis because of the mostly low-sulfur coal produced in the extensive mining
that occurred in the region. A few abandoned mine sites and processing facilities show
evidence of acid drainage, and these sites are monitored more frequently.

To calculate constituent loadings, discharge is determined from two continuous stream
flow gages on the New River, and one each on the Bluestone and Gauley rivers. Staff
gages at eight tributary sites provide estimates of instantaneous discharge for these
streams. The U. S. Geologica survey maintains al of the gages, and updates stage-
discharge relationships by taking stream flow measurements.

All water quality data are stored in a Microsoft Access database maintained at park
headquarters. All data collected from 1980 to 1994 have been up-loaded to the U. S.
Environmental Protection Agency’s STORET database. Data collected since 1994 have
not yet been up-loaded to STORET.

The annual water quality monitoring budget for the parks approaches $200,000. This
includes personnel costs (four FTE), laboratory and field sampling equipment and
expendables, and the cost of having some samples analyzed by outside laboratories.

| ssues

The park’ s water quality monitoring program has evolved over time, often in response to
crises. Park staff assigned to agquatic resources are usually so busy with avariety of
issues that time to evaluate the appropriateness and effectiveness of ongoing programs,
including water quality monitoring, is not available.

Because these three river-based parks cover an extensive area with many streams,
decisions on where, when (including how often), what and how to sample, are critical.
For example, collecting lots of samples at afew locations leaves other areas unmonitored.
Collecting samples over awide area often does not provide detailed information about
water quality dynamics at a particular site. Historically, the park has opted for the latter,
awidespread, extensive sampling network.

The West Virginiastandard (46 CSR 1) for fecal coliform bacteriarelevant to primary
water contact recreation (including boating) is based on the monthly geometric mean of
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no less than five samples. If the geometric mean of the samples exceeds 200 fecal
coliforms per 100 milliliters of water (>200FC/100ml), the site is deemed in violation of
the standard. The alternative state standard is more than 400FC/100ml in no more than
10% of the samples taken within amonth. Obvioudly it is easier to prove aviolation
exists using the lower standard, but sampling that often would result in other sites being
sampled |ess often, and other water resource program responsibilities being neglected.

Efforts at more intensive sampling have occurred in recent years. Since many of the
monitoring sites have provided data for ten or more years, good baselines of data and
conditions have been developed. This has allowed park staff to focus some energy on
specific problem areas. However, growing concern about the widespread extent of fecal
pollution in the New River watershed, and the possible impact of this pollution on human
health and the water-based recreational tourism industry, has resulted in many requests
for intensive sampling efforts. Obvioudly, not all of these requests can be met with
existing funding and staffing levels.

The park has collected little information on the potential impacts of water quality
conditions on aquatic biological resources. These resources can be assessed using a suite
of multimetric indexes that has become known as ‘rapid bioassessment’ techniques. Such
comprehensive, multimetric indexes (Barbour et al. 1995) werefirst developed in the
Midwest for use with fishes (Karr 1981, Fausch et al. 1984, Karr et al. 1986) and modified
for use with invertebrates (Plafkin et al. 1989, Kerans and Karr 1994, Deshon 1995, Fore et
al. 1996). Similar approaches are now applied to a variety of aguatic environments (Davis
and Simon 1995), including large rivers, lakes, estuaries, wetlands, riparian corridors, and
reservoirs, and in avariety of geographic locations. Rapid bioassessment techniques offer
a cost-effective way to monitor and assess aquatic biological resources, but determining
which of many possible disturbances are affecting aguatic communities is more difficult.
However, including some form of biological monitoring in future water quality monitoring
efforts may serve as avaluable, inexpensive ‘red-flag’ warning system.

The park completed atrial macroinvertebrate-based rapid bioassessment technique for New
River tributary streams. No follow-up work has occurred. A fish-based index of biotic
integrity was developed for New River tributary streams (Leonard and Orth 1986) with
assistance from the National Park Service. Dueto other workloads, the parks have not yet
attempted to apply this research.

A rigorous, integral quality assurance/quality control (QA/QC) programisrequired to
validate the quality of results from any data-collection effort. An effective QA/QC
program demonstrates the professionalism of the effort, the reliability of the results, and
enhances the potential for positive judicial scrutiny in any relevant legal proceedings.

The parks use avariety of QA/QC proceduresin the water quality monitoring program.
These procedures are not formally documented in a single QA/QC plan, and are not
regularly reviewed and updated. Examples of QA/QC procedures used by the park
include following standard published methods for sample collection, handling and
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analyses, equipment maintenance and standardization, and reporting of results, and
analysis of split samples by independent laboratories.

Aquatic resources data management in the park has been criticized (Smith and Marini
1998). Land use data such aslocations of oil and gas wells, abandoned mines and mine
drains, sewage outfalls, and logging tracts in or near the parks have not been accurately
and completely compiled. Land ownership records are maintained only in paper filesin
the National Park Service Northeast Region Lands Office in Oak Hill, WV. The National
Park Service could more effectively manage water resources of the three parks with a
data storage and management system that would allow easy access to, and the ability to
interrelate, water quality, land use, and land ownership data.

Recent upgrade of the park’ s water quality data storage and management from a dBase to
aMicrosoft Access database has helped, as has the development of a GIS program in the
park. Integration of these two programsis planned for the near future. Itemsto be
considered in this integration include: existing GIS coverages, other coverages needed,;
integrating water quality data with other datain a useful and meaningful manner; and the
possibility of storing all water-resource data in one database for data management
efficiency.

The park also needs to explore methods of making its water resources data more readily
available to the public. One step would be to upload more recent datato STORET or the
U. S. Environmental Protection Agency’s new LDC database. The park is also exploring
how to make water quality and aguatic biological data available over its web page.

Description of Recommended Project or Activity

A three-phase process is recommended to address issues related to the parks' water
guality monitoring program. Phase | would be an initial review. Phase Il would be the
incorporation of comments generated by Phase |. Phase 111 would be on ongoing review
of the new program.

For Phase |, an interdisciplinary team of experts knowledgeable about water quality
monitoring issues will be assembled to evaluate the parks water quality monitoring
program. Thisteam shall be composed of members from within and outside of the
National Park Service. Members from within the agency shall include appropriate park
personnel and employees of the National Park Service' s Northeast Region and Water
Resources and Biological Resources Divisions. Team members from outside the agency
shall include representatives from the Water Resource and Biological Resource Divisions
of the U. S. Geological Survey, the West Virginia Departments of Natural Resources and
Environmental Protection, local watershed groups, area organizations interested in water
resource issues, and area universities. Anindependent facilitator will lead the team.

The workshop will be held at park headquarters. Subject areas to be evaluated include
the appropriate mix of physical, chemical and biological monitoring, methods,
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monitoring effort and timing, technical and scientific credibility, data management,
effectiveness in meeting management needs, and cost-effectiveness.

Specific aspects of technical credibility to be addressed include QA/QC, thoroughness
and adherence to protocols, documentation of findings, relevance of data collected to
study goals, communication of findings, and management support of the water quality
program. Specific aspects of effectiveness in meeting management needs to be addressed
include timeliness and frequency of data reporting, relevance of program activitiesto
present major water quality issues and the relation among management objectives, land
and water use issues, and the sampling program design. Cost-effectiveness assessment
will primarily address whether or not the importance of issues and objectives is consistent
with effort expended, but also whether alternative methods are available to adequately
address those problems and objectives.

The initial workshop will be aweeklong event. On the first day, park management will
provide a short, well-focused list of critical management objectives and descriptions of
how the water quality monitoring program has contributed, either adequately or not, to
meeting these objectives. Three full days will be spent on technical review of
monitoring, survey, and data management protocols and procedures. On the final day,
the review team will present their findings to park management and aquatic resources
staff. There will be an opportunity for park staff to discuss the findings and
recommendations, and to clear up misconceptions the review team may have formed.
The overall objective of this workshop is to provide enough information and guidance
that the park can develop an effective, responsive water quality monitoring plan.

Within three months after the initial review, the review team will produce an informal,
internal report that will serve both as minutes of the review, and document the
recommendations of the review team. This document will be starting point for the
developing the water quality monitoring program plan.

In Phase |1 the park will evaluate the recommendations of the review team, and
implement any changes that are considered appropriate. All changes adopted will be
documented to provide an accurate historical record of the water quality monitoring
program.

Phase 111 will be a periodic re-evaluation of the parks water quality monitoring program.
The first re-evaluation will be conducted by Phase | review-team members. Thisfollow-
up will occur within one year of theinitial review, and will evaluate the parks' draft
water quality monitoring plan and any changes already implemented. 1t may be possible
to conduct this review using postal and teleconferencing methods, rather than an actual
sitevisit.

Later reviews will be even less formal, and should occur on an annual basis. These

reviews will also have less outside input. The periodic reviews will address the same
issues as theinitial technical evaluation workshop and serve as a feedback loop to park
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management and staff of the adequacy of the currently implemented water quality
monitoring program.

The proposed budget covers travel costs for non-park participants, some remuneration of
time spent by workshop participants (may include honorariums); workshop materials, fee
for facilitator, and document review time.
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Proposed Budget

Personnel Costs $17,910
Reviewers $14,910
(9 equivaent to GS-12, 40 hours)

Facilitator $3,000
Travel and Per Diem $4,250
10 people at $55 lodging and $30 M&IE for 5 nights
Rental vehicles for reviewers $1,100
Supplies and Equipment $1,000
Overhead
(outside agencies — 15%) $1,240
Total $25,500
Park contribution $12,231 (48%)

Superintendent (GS-15; $1,116), Deputy Superintendent (GS-13; $788): 2 days
each for initial and final meeting, follow-up review.

Resource Management Speciadist (GS-12; $1,657): 5 days for initial and final
meeting, oversight of plan development and periodic reviews

Biological Technicians (3x GS-5; $4,523): 10 days each for initial and final
meeting, plan development, periodic reviews.
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Fishery Biologist (GS-11; $4,147): 15 days for entire initial review, plan
development, follow-up review, periodic reviews.

Note: all personnel costs are based on mid-step of grade, include benefits at 35%, and proposed 4.1% CY 03 pay
raise.
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Determine Stream Flow Char acteristics of New River Tributary Streams

RMP Project Number: NERI-N-001.115
PMIS Number: 60865

Background

New River Gorge National River consists of arelatively narrow 53-mile corridor along
New River. Over 250,000 people each year enjoy the exceptional whitewater boating
opportunities within the park, and an additional large number of anglers partake of the
eastern US's most productive warm-water fishery.

Within the park, 17 major tributaries enter New River. Many of these streams enter New
River at or near access sites used by anglers, and put-in and take-out sites heavily used by
whitewater boaters, including over two dozen commercial outfitters. Most of these
streams watersheds drain private land. These lands are used for mineral (coal, oil, and
gas) extraction, timbering, low intensity agriculture, and commercia development.
Several cities and towns, and numerous dispersed rural residential areas exist in these
watersheds.

These streams often carry human fecal material from inadequately treated sewage (e.g.
untreated direct discharge, failed septic systems, overloaded sewage treatment plants)
into New River. Other contaminants may include sediment, nutrients, sulfate, and
metals. Movement of these contaminants, especially fecal bacteria, within the tributaries
and into New River is determined by local, small-stream hydrology.

During low flows, fecal bacteria concentrations in New River are usually small, often
below the West Virginia standard for primary contact water recreation of 200 fecal
coliforms per 100ml (FC/100ml) of water. However, during high flow events on
tributary streams, usually caused by localized heavy rainfall, bacteria concentrations may
exceed 100,000 FC/100ml. During high flow events these streams may contribute the
majority of the fecal bacteria present in New River (Purvis and Wilson 1999, Wilson and
Purvis 2000, 2002, Vandersall and Purvis 2003). These high flow events significantly
raise the potential health hazard to park visitors to fecal-related water-borne diseases.

The relationship between stream discharge and fecal bacteria concentrations, especially
during individual storm/runoff events, is not linear and straightforward (Elder 1987,
Purvis and Wilson 1999). Fecal bacteria from non-point sources typically are flushed
into streams early in arunoff event, with peak concentrations usually occurring during
therising limb of a hydrograph (before peak discharge). Because of the variety of fecal
bacteria sourcesin New River Gorge National River, the relationship between discharge
and bacteria concentrations is even more complex. In order to make effective
management decisions to protect park aquatic resources and visitor health and safety, in-
depth knowledge of tributary stream hydrology is essential.
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Description of Recommended Project or Activity

This program has several objectives:

e provide detailed information on the hydrologic dynamics of streams tributary
to New River within New River Gorge National River;

e provide detailed information on the rainfall dynamicsin this area;

e correlate the above information to develop detailed information on the
relationships between rainfall and stream discharge;

e correlate al of thiswith water quality information to produce detailed; and
information on the hydrologic relationships of fecal bacteriain these streams.

The U. S. Geological Survey (USGS) maintains two continuous, recording stream gages
on New River, and eight non-recording stage gages on tributaries, within New River
Gorge National River. The tributary gages are used to estimate instantaneous discharge
at aparticular time (e.g. when awater quality sampleis collected), but they do not
provide continuous records. A continuous recording stream gage will be installed at one
of the existing tributary sites. Thisinformation would be correlated to stage and
discharge measurements made on this and other tributaries to better understand the
hydrologic dynamics of these small streams. Water quality samples would be correlated
with hydrologic status at the time of sample collection to provide detailed information on
the relationship between tributary hydrology and the magnitude and timing (loading) of
fecal contamination.

The site selected for installation of the recording gage will be mutually agreeable to
USGS and the National Park Service. The gage will be rated and maintained by USGS
according to standard procedures (Carter and Davidian 1968, Buchanan and Somers
1968, 1969, Kennedy 1984). The recorder will be equipped with a satellite transmitter
and transmit preliminary data every four hours that automatically will be uploaded to the
USGS web site. A telephone-accessible, real-time output system will be installed to
allow USGS and park staff to retrieve time-sensitive stage data. Final datawill be
published annually in the Water-Data Series (e.g. Ward et al. 1999).

Additional itemswill further expand the usefulness of this project. Crest-stage gages will
be installed at the other seven tributary stage gage sites. These will allow accurate
determination of the magnitude and timing of peak discharge events on those streams.
Also, the frequency of stage-discharge measurements at these sites will be increased to
eight times per year. Thiswill provide more accurate stage-discharge relationships for
these streams. The existing rain gage at park headquarters will be upgraded to a
recording gage, and additional recording rain gages will be installed at the Canyon Rim
and Sandstone Visitor Centers. These will provide detailed information on the timing
and intensity of rainfall events, and will help to more accurately correlate runoff
dynamicswith rainfall. Information from the recording rain and stream gages, along with
information on watershed area and land use, will allow the generation of synthetic stream
flows for the ungaged watersheds in this area (Searcy 1960, Evaldi et al. 1993).
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Proposed Budget

These figures comprise an estimate based on information provide by USGS. More
detailed costs will be developed at a later date.

Year 1 $86,000

Site selection, purchase & install equip., develop prelim. ratings, publish results.
Year 2: $70,000

Maintain equipment, refine ratings, prelim. synthetic discharges, publish results.
Year 3: $87,500

Maintain equipment, refine ratings and synthetic discharges, produce final report.

Total $243,500
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Develop Long-term Monitoring Program for
Gauley River National Recreation Area

RMP Project Number: NERI-N-001.116
PMIS Number: 91437

Background

Gauley River National Recreation Area was established in 1988 by PL 100-534 to
"protect and preserve the scenic, recreational, geological, and fish and wildlife resources
of the Gauley River and its tributary, the Meadow River." Gauley River National
Recreation Area contains 25.5 miles of the Gauley River from the tailwaters of
Summersville Dam downstream to near its confluence with the New River, and the lower
5.5 miles of the Meadow River. The National Park Service manages Gauley River
National Recreation Areafrom New River Gorge Nationa River headquartersin Glen
Jean, West Virginia.

Gauley River within Gauley River National Recreation Area contains the greatest density
of ClassV rapids of any river east of the Rocky Mountains. This world-class whitewater
isthe park’smajor draw. Sinceits creation, Gauley River National Recreation Area has
seen adramatic increase in the number of rafters and kayakers running the Gauley and
Meadow Rivers. At the Summersville Dam tailwaters, pproximately 17,000 people
launched onto the Gauley River in 1984, while over 40,000 people launched in 1996.
These numbers may be 25% below actual use (Warren Snyder, New River Gorge
National River, persona communication 2000). An unknown number of kayakers run
the highly technical Meadow River. Gauley River isaso heavily fished year-round, and
the West Virginia Department of Natural Resources regularly stock trout in the tailwaters
below Summersville Dam. Increasing visitor use is putting an unknown strain on the
aguatic resources of Gauley River National Recreation Area and exposing a greater
number of people to potential health hazards from contaminated water.

Visitorsto Gauley River National Recreation Areamay be at risk from contact with
inadequately treated domestic wastewater discharged into Gauley River and its
tributaries. The lack of adequate septic or sewer systemsis prevalent throughout
Appalachia and especialy southern West Virginia. The increasing use of Gauley River,
and the inevitability of water contact for whitewater enthusiasts and anglers, makesthis
problem especially acute.

Activities which may impact water resources in Gauley River National Recreation Area
include mining (especially mountaintop removal - valley fill operations), timbering,
recreational and industrial development, and oil and gas exploration and devel opment.
The recently completed installation of a power generation facility at Summersville Dam
may also impact water resources in Gauley River.

Despite heavy use levels, relatively little is known about Gauley River water quality and
aquatic biological resources. Available information is disparate and widely scattered. In
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order to manage Gauley River National Recreation Area effectively, the National Park
Service needs high quality, systematic information on the status and trends of aquatic
resources in the park.

The Nationa Park Service currently conducts limited water quality monitoring in the
Gauley River watershed. As part of their routine monitoring of water quality for public
health, fecal coliform bacteria are sampled at five sites within the park. Before 1998
sampling occurred roughly biweekly during the summer. This provided areasonable
estimate of low water, baseflow conditions. Since 1998, changes in the focus of the
water quality monitoring program have led to samples being collected from the
established Gauley watershed sites less frequently. The National Park Service also has
developed limited data on dissolved metals, primarily iron, manganese, and aluminum,
for the purpose of evaluating potential acid mine drainage problems.

Other information on the aquatic resources and water quality of the Gauley River
watershed is available, but much of itisdated. The U. S. Geological Survey, in
cooperation with the West Virginia Geological and Economic Survey, carried out a
baseline water-chemistry study of the Gauley River watershed in 1978-81. The ground-
water data from this study were incorporated into an interpretive map (McAuley 1985).
A report discussing the effects of coal mining in this region used some of the surface-
water data from this study (Ehlke et al. 1982). The U. S. Fish and Wildlife Service
(1977) surveyed invertebrate communities in the Gauley River downstream from
Summersville Dam. Hocutt et al. (1979) conducted fish surveys throughout the Gauley
watershed. Land-use data based on aeria photography surveysflownin 1973 are
available (McColloch and Lessing 1980). The National Park Service compiled existing
water quality datarelevant to Gauley River National Recreation Areafromthe U. S.
Environmental Protection Agency’s STORET database (National Park Service 1995).

The Kanawha-New River National Water Quality Assessment (NAWQA) Program of the
U. S. Geological Survey (Hirsch et al. 1988, Eychaner 1994, Messinger 1997) sampled
several sitesin the Gauley River watershed. Meadow River (the largest tributary to
Gauley River within the park) was sampled near its mouth in 1997 for bed sediment and
fish tissue contaminants. A site on Peters Creek (the second largest tributary within the
park) just outside the park boundary served as a basic fixed site during 1997-98.

The West VirginiaDivision of Environmental Protection operates a monthly water
guality station near the mouth of the Gauley River. In addition, West Virginia Division
of Environmental Protection conducted benthic macroinvertebrate-based reconnai ssance
sampling in the Gauley River watershed in 1998 (Janice Smithson, West Virginia
Division of Environmental Protection, personal communication 1998). This sampling
used the U. S. Environmental Protection Agency’s Rapid Bioassessment Protocol (RBP)
Il (Plafkin et al. 1991). The West Virginia Division of Natural Resources, which
conductsthe U. S. Environmental Protection Agency’s Environmental Monitoring and
Assessment (EMAP) program sampling in West Virginia, sampled the Meadow River
near its mouth in 1998.
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The Meadow River basin is alarge, complex system that includes West Virginia's
second-largest wetlands complex at its headwaters (Little and Waldron 1996). Water-
quality degrading land uses in the Meadow River basin include coa mining, improper
disposal of human wastes, logging, and agriculture (West Virginia Department of Natural
Resources 1989). The hydrologic nature of Meadow River changes substantially near
where it enters Gauley River National Recreation Area. The stream changes from one of
relatively low-gradient to one of extremely high-gradient stream asit enters a deep,
narrow canyon for last 5 to 7 miles before its confluence with Gauley River.

Description of Recommended Project or Activity

Baseline inventory and monitoring of water quality and aquatic biological resourcesin
the Gauley River National Recreation Areawas identified as a high-priority water
resource issue (National Park Service 1998). The proposed project has three main
objectives designed to meet this need.

The first objective isto assess the state of knowledge, and evaluate the status, of water
quality and aquatic ecological conditionsin the Gauley River watershed within and
adjacent to Gauley River National Recreation Area. Work designed to meet this
objective will focus on compiling and analyzing existing data.

The second objective isto validate existing data while at the same time furthering the
state of knowledge of present water quality and aquatic ecological conditionsin the
Gauley River watershed. This objective will be met by re-sampling many sites from
prior studiesto provide afirst approximation of water quality and aquatic ecological
trends.

The third objective isto design and evaluate along term monitoring program for water
quality and aquatic ecological conditionsin Gauley River National Recreation Area.
Meeting this objective will allow the National Park Service to more effectively manage
activities and use within the park. Thiswill also enable the National Park Service to
better evaluate potential impacts of activities occurring outside park boundaries but
within the Gauley River watershed.

In order to meet these three objectives, athree-step process will be employed. Each step
is designed to meet one of the objectives.

Part 1 - Compile and Analyze Existing Data

The first step will be to identify, summarize, and interpret existing data describing water
quality and aquatic biological resources of the Gauley River watershed. This effort will
focus on the drainage area downstream from Summersville Dam, including the Meadow
River watershed. In addition to the studies mentioned above, ongoing data collection
efforts being conducted by other agencies and researchers will be identified and this
information incorporated into the summary. Significant data gaps will also be identified.
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Interpreting these disparate studies in an integrated manner will add value to each of
them. Thisinformation will provide a sound basis for designing future monitoring and
other trend studies, and will provide the National Park Service with a cogent background
to evaluate changes in water quality and aquatic ecological conditionsin the Gauley
River watershed.

Part 2 - Assess Current Status and Trends

In an intensive, 1-year study, sites sampled in three earlier studies (water chemistry data
used by Ehlke et al. 1982 and McAuley 1985, invertebrate data of U. S. Fish and Wildlife
Service 1977, and fish data of Hocutt et al. 1979) will be re-sampled. This effort will
provide a second "snapshot” of conditions in the Gauley River watershed. Comparison of
thisinformation with that gathered in Part 1 will provide afirst estimate of trends within
the watershed.

Three sitesin or near Gauley River National Recreation Areawhich have U. S.
Geological Survey-maintained stream gages (Gauley River below Summersville Dam,
Gauley River above Belva, Meadow River near Mt. Lookout) will be sampled every two
months to evaluate flow-weighted changes in water chemistry. These 3 sites represent,
respectively, the upper and lower ends of the Gauley River, and the lower end of the
Meadow River in Gauley River National Recreation Area. Two additional sites
(Meadow River at Nallen and Peters Creek near Lockwood) will be sampled to describe
water quality and aquatic ecological conditions of these tributaries before they enter
Gauley River National Recreation Area. These sites were sampled 12 times over 2 years
(1980-81 Water Y ears) for field parameters and concentrations of major ions, nutrients,
indicator bacteria, and dissolved iron, manganese, and aluminum, as part of the Gauley
River Basin Study.

Most of the constituents assessed during the Gauley River Basin Study remain relevant
and of interest. Iron, manganese, and aluminum are of interest because elevated
concentrations of these metals often indicate the effects of coal mining, particularly acid
mine drainage. Coa mining remains an extensive land use in this watershed (West
Virginia Department of Natural Resources 1989b). Historical datafor iron, manganese,
and aluminum at the concentrations that these metals were detected in this watershed are
considered valid. Fecal coliform indicator bacteria are important to sample because
pathogens from inadequately treated human wastes are the most important water-rel ated
human health threat in Gauley River National Recreation Area.

Fish and macroinvertebrate communities will be assessed at the above sites according to
NAWQA methods (Meador et al. 1993, Cuffney et al. 1993). Macroinvertebrate
sampling methods will include, but not necessarily be limited to, the NAWQA richest
targeted habitat semi-quantitative protocol, and the qualitative multi-habitat protocol.
The historical fish survey (Hocutt et al. 1979) was designed to collect representative
gualitative samples to make a complete species list, rather than assess community
productivity and health. Additional datawill be collected to meet these latter objectives.
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So that more direct comparisons can be made to the work of Hocuitt et al. (1979),
additional qualitative electrofishing is anticipated outside the established sampling reach.

This study will also include synoptic sampling. Thiswill include re-sampling a selected
subset of the U. S. Geological Survey chemistry synoptic sites, the U. S. Fish and
Wildlife Service invertebrate sites, and Hocutt et al.’ s fish survey sites. The methods
used should be such that comparisons can be made with the original studies. However,
additional effort or alternative methods may be used if deemed appropriate. The stream
chemistry synoptic study will also assess indicator bacteria.

The discontinued U. S. Geological Survey stream gage at Peters Creek near Lockwood
will be activated and continuous flow records collected there. This stream isthe only
small tributary (< 50 mi®) in the vicinity of Gauley River National Recreation Areawith a
long-term (30 years) flow record. Flow information from this site will be useful for
describing hydrologic conditions for other small streamsin this area.

Attempts will be made to interest other agencies such (i.e. U. S. Fish and Wildlife
Service, U. S. Forest Service, West Virginia Department of Natural Resources, West
Virginia Department of Environmental Protection, etc.) in extending the scope of this
study to the entire Gauley River watershed.

A report will be generated that eval uates the re-sampling, and discuss changesin land
use, water quality, and stream ecology from the earlier studies. Copies of this report will
be made available to other agencies, organizations, and individuals working or interested
in the Gauley River watershed.

Part 3 - Develop Long Term Monitoring System for the Gauley River Watershed

Considering the information developed in Parts 1 and 2, a plan will be devised for long-
term monitoring of the Gauley River watershed to meet National Park Service
management objectives. Itemsto be considered for inclusion in this plan should include,
stream flow, physical and chemical water quality, physical habitat, channel
geomorphology, bacteria, seston, periphyton, benthic macroinvertebrates, and fishes. Itis
not necessary that all of these items be included in the final plan. The plan will include a
sampling schedul e (frequency and season), and an evaluation of the time and work force
needed to accomplish the sampling and subsequent laboratory processing. Itis
anticipated that the National Park Service will assume full responsibility for executing the
monitoring program, so consideration will be given to current staffing levels and
laboratory capabilities, aswell astime required for other commitments of National Park
Service staff.

Because of ongoing extensive and intensive long-term monitoring in New River Gorge
National River, the local National Park Service Aquatic Resources staff is experienced
with avariety of monitoring methods. The long-term monitoring plan for the Gauley
River watershed will emphasize methods with which the staff isfamiliar. Effort will be
made to ensure that results of monitoring within the Gauley River watershed are
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comparable to results from ongoing monitoring programs conducted in New River Gorge
National River.
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Proposed Budget

This budget is preliminary, and is based on figures generated by the U. S. Geological
Survey. More detailed cost estimates will be developed at alater date.

Budget FTE

Year 1 (Part 1): 45.00 1.00
Year 2 (Part 2): 125.00 1.00
Year 3 (Part 3): 55.00 1.00
Total: 225.00 3.00
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Evaluate the Long-Term Monitoring Program in
New River Gorge National River

RMP Project Number: NERI-N-001.108
PMIS Number: 91436

Background

The Nationa Park Serviceis charged with monitoring the ecological health of the New
River within New River Gorge National River. Toward this goal, a comprehensive
environmental monitoring program, or Long-Term Ecological Monitoring System
(LTEMYS), was developed. Since 1988 LTEMS has assessed seston, periphyton, and
benthic macroinvertebrate and fish communities at several locations along the New
River. Over this period of time several concerns have been noted with existing LTEMS
protocols, particularly in the benthic macroinvertebrate component. The purpose of this
proposal isto examine the existing LTEMS program, and to eval uate potential alternative
methods and protocols that will aleviate these concerns.

The major problem with the existing LTEMS protocols is the time required for laboratory
processing of macroinvertebrate samples. Under origina protocols, complete sample
processing (sorting and identification) took one or more years after samples are collected.
This placed the park aquatic resources staff in a perpetua state of trying to catch up. This
delayed data entry and analysis, which delayed processing of samples collected in
successive years, and so on. The ultimate effect of thisisadelay in the delivery of useful
information to park management. If the full benefits of monitoring are to be realized,
results must be interpreted promptly. Modified sample processing procedures can solve
this problem.

In order to address the sample processing time, the park initiated a sub-sampling
protocol. This has significantly reduced the backlog of unsorted samples, but these
samples have not yet been identified. Also, the park has some earlier samples that were
sorted from the entire sample and have not yet been identified. The park intends to sub-
sample these samples prior to identification. These samples may prove useful in part of
the study out-lined below.

Another reason to reexamine LTEMS is the development of new benthic biomonitoring
methods since the New River Gorge program was conceived. Incorporation of these
methods, especially when combined with modified sample processing, may greatly
enhance the efficiency and credibility of the New River Gorge LTEMS data.

Another problem with existing LTEMS protocols involves the sampling of Justicia
(water willow) habitat. Water willow is an emergent aquatic macrophyte that forms large
bedsin shallow areas of the New River. Thisisan important habitat for benthic
macroinvertebrates and fishes. Additionally, Justicia beds are important in stabilizing
gravel. The current use of the Ellis-Rutter Stream Sampler (formerly known as the
Portable Invertebrate Box Sampler, or PIBS) to describe benthic communities in Justicia
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bedsis not effective. Justicia stems significantly reduce flow, interfering with the
operation of this sampler. Consequently, these samples must be collected from the lateral
edges of Justicia bedsto attain flowing water; thus only habitat margins are assessed.
Also, the use of above-water biomass to measure Justicia "health” is highly questionable
due to water-levels fluctuations.

The primary argument against incorporating new methods into LTEMSisto protect the
data set's historical integrity. Long-term environmental monitoring programs are rare,
and data sets as intensive as those for New River are even rarer for such large river
ecosystems. Long-term monitoring requires either consistent methodol ogy, or
methodological changes which have precisely documented comparisons. Thisis
necessary to provide interpretive continuity across the time span of the data set.
Changing methods without detailing how those changes affect generated data severely
limits the otherwise great value of long-term data, and makes comparisons of future data
with datafrom the past difficult. This study will provide detailed comparisons between
existing methods and those proposed for future use.

Results from early years of the LTEMS program have been summarized (Voshell and
Orth 1995) and undergone rigorous statistical analyses (Smith and Marini 1998). Up-to-
date analyses of fish data are currently underway. Now, before additional effort is
expended on methods that may not be sustainable or yield useful results, isthelogical
time to evaluate existing procedures and determine whether any changes are desirable.

This project has several objectives. Thefirst objective isto ensure that the LTEMS
design timely provides useful data. The second objectiveisto ensure that LTEMS uses
scientifically credible methods so that management decisions based on the data and
analyses are sound and defensible. The third objective isto increase the information
provided by LTEMS by strengthening weak areas. The fourth objective isto make the
data more credible by the application of appropriate Quality Assurance/Quality Control
procedures. The fifth objective isto protect the value of previously collected dataif and
when methods of collection or analysis change.

Description of Recommended Project or Activity

This proposal is divided into two phases. Phase | will address the problems of excessive
time required to process collected macroinvertebrate samples. Thiswork isdivided into
several units. One unit is Subsampling Effort Evaluation (SEE), and will evaluate the
benefits of processing only a portion of each collected sample rather than all of it.
Another unit is Taxonomic Effort Evaluation (TEE), and will evaluate the benefits of
identifying collected organisms to various levels of taxonomic refinement. A third unitis
Quality Assurance/Quality Control (QA/QC) that will be used to establish the credibility
of collected data. Phase Il will address the problem of Justicia habitat assessment, and
also includes detailed macroinvertebrate surveys with species-level taxonomy.
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Phase |

Phase | study involves comparisons between two sets of samples. Park staff will collect
and process one set of LTEMS samples according to existing protocols. At the same
time, another set of sampleswill be independently collected and processed using
alternative methods. The data sets thus generated will be the basis for all comparisons
recommended in this proposal. To prevent seasonal effects from confounding the results,
the independent samples will be collected at the same time as those collected by the park.
These samples will be collected at all LTEM S sampling locations.

At each LTEMS sampling site, samples will be collected from two of the three regularly
sampled habitats (Cobble/Pebble Riffle and Rock Outcrop). These two distinct habitats
support different communities, and are sampled using different gear with markedly
different sample areas. The Ellis-Rutter Stream Sampler (0.1m?) is used in the
Cobble/Pebble Riffle habitat. The Rock Outcrop Community Sampler (ROCS; 0.01n7)
is used on the Rock Outcrop habitat.

Subsampling Effort Evaluation (SEE)

Origina LTEMS protocol required processing entire samples. Many of these samples
take one or more weeks to sort. 1n 2001 the park began a sub-sampling program to
shorten this sorting time and eliminate the backlog of unsorted samples. The sub-
sampling program has proved effective in meeting its goals. Sample processing time has
been reduced from days to hours. Procedural changes brought about by sub-sampling
may affect the values and variances of metrics calculated by LTEMS. Thisevaluationis
designed to compare the existing, and possible other, sub-sampling protocols with the
original LTEMS protocolsin terms of differencesin metric score values, variances, and
statistical power.

L aboratory

To evaluate the most effective level of sub-sampling effort, it isinitially proposed to
process two 100-organism-count portions and analyze them separately for each sample,
using the design of Caton (1991). Since two 100-count portions will be removed, one
will be randomly selected to represent the 100-count sub-sampling treatment. The 200-
count treatment will be formed by combining data from the two 100-count sub-samples.
Invertebrates present in each sub-sample portion will be identified to the lowest possible
taxonomic level (usually genus). For the purpose of this analysis, midges (Diptera;
Chironomidae) will be identified to family, just asis donefor LTEMS. Park personnel
will sort the samples and identify the organisms according to existing protocols.

A second evaluation will be made of the current sub-sampling protocol. This protocol
involves taking 1/8 of a sample and counting this portion. Multiplying thisresult by 8
yields an estimate of the total number of organismsin the whole sample. In especially
dense samples the 1/8 portion may be sub-sampled again to 1/64, and the results
multiplied by 64. In sparser samples, ¥ or %2 of the sample may be counted, and the
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results multiplied by 4 or two, respectively. To evaluate this protocol, multiple sub-
samples will be taken and counted from several whole samples, and the similarity of
results from sub-samples within a given sample will be compared to each other.

Analysis

Results of different sub-sampling levels will be compared with those of the concurrently
collected LTEMS samples using 10 to 15 biological metrics. These will include al the
original metrics, as well as some more recently developed. The primary endpoint for this
analysis will be acomparison of statistical power to assess statistical sensitivity of these
alternative sub-sampling regimes. A MANOVA, or atwo-way ANOVA with orthogonal
contrasts, will be performed to describe differences among stations and sub-sampling
level for each metric. Additionaly, separate one-way ANOV As with multiple
comparisons will be run on the metric matrices for each sub-sampling level. The purpose
of thisanaysisisto mimic the findings of park staff asif they had only performed one of
the levels of sub-sampling. These results will illustrate the ability (or inability) of agiven
sub-sampling regime and level to accurately describe a sample, and the differences
between samples among stations.

Assuming that completely processed samples describe the "true condition” at each
station, sub-sampling methods should be able to detect differences among stations if they
are to be useful measures. These analyses will be run for each of the 10-15 metrics, each
sub-sampling level, and each habitat (60-90 ANOVA analyses, 60-90 Power Analyses,
and severa MANOVA analyses) and will be summarized graphically and interpreted in a
report. Depending on the actual nature of the data, slightly different statistical
methodology may be necessary.

These analyses may initially seem redundant. However, conducting both ANOVA
comparisons of results of each level of sub-sampling and a power analysis addresses two
key concerns: the environmental and the statistical sensitivity of each level of sub-
sampling. That is, (1) the sensitivity of metrics under different levels of sub-sampling to
describe "known" differences among stations and (2) the statistical ability to detect
changes.

Sample processing time will be recorded and evaluated. It is anticipated that mean
processing time and variance for sub-samples will be markedly less than for whole
samples. Thiswill allow resource managers to weigh the costs and benefits of a sub-
sampling program. A detailed report containing all of the results, analyses, and
recommendations of this component will be provided.

Taxonomic Effort Evaluation (TEE)

Thelevel of taxonomy applied to benthic macroinvertebrate surveys has a significant
effect on calculated metrics. The most directly affected metrics are those that describe
the number of taxa, such as taxa richness and EPT index (number of Ephemeroptera,
Plecoptera and Trichoptera; organisms indicative of clean water). Many other metrics
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include taxarichnessin their calculation, and a'so may be affected. The current LTEMS
protocol currently identifies all taxato the lowest practical taxon, usually genus.
However, Chironomidae are only identified to family due to their small size and the time
and effort required to identify them to lower levels of taxonomy. Chironomids, abundant
in the New River, are closely related to black flies (Diptera: Simuliidae), which are the
target of an intensive, state-run spraying program involving the bacterial insecticide
Bacillus thuringensisisraeliensis (Bti). Dueto dietary overlap, chironomids are the non-
target organisms most likely to be affected by the spraying program, yet they are not
adequately accounted for by current LTEMS protocols.

Sample processing time for LTEMS currently prohibits more refined chironomid
taxonomy. Sub-sampling procedures may save enough time to alow greater refinement.
Moreover, such refinement may be required to detect impacts of Bti spraying.

L aboratory

One of the sub-sampled data sets discussed above (100-count or 200-count) from both
habitats will be selected and used to compare the effects of different levels of chironomid
taxonomy on metric scores, statistical power, and processing time. It is preferableto
conduct this analysis on the 200-count data set, but it may be necessary to sub-sample the
larvae to keep the project on schedule and within budget. Chironomids will be removed
from the sub-samples and mounted in Eupara® mounting medium prior to identification
using light microscopy. All midges will be identified to genus, if age and condition
makes this possible.

Analysis

Analytical methods used for TEE will be similar to those used for SEE. That is, about
10-15 metrics will be used to describe environmental and statistical sensitivity of
different levels of taxonomy. These metrics will undergo power analysis, MANOVA (or
two way ANOV A with orthogonal contrasts), and one-way ANOVA. The overall design
of these testswill be 1 level of sub-sampling, 4 stations, and three levels of chironomid
taxonomy (family, sub-family, genus) with analyses conducted for both cobble/pebble
and rock outcrop habitats. Aswith SEE, this component includes about 60-90 power
analyses, 60-90 one-way ANOVASs, and several MANOVAS (or 60-90 two-way
ANOVAS). Additionally, sample-processing time will be tracked, and means and
standard deviations of these measures reported. A detailed report of all analyses, results
and recommendations will be provided as a deliverable for this component.

Quality Assurance/ Quality Control Evauation (QA/QC)

Other than proofing data entry files, the current LTEMS design has no built in QA/QC to
insure program integrity. Steps should be taken to prevent the quality of the datafrom
coming into question. Sorting efficiency will be described as a percent efficiency for
sub-sampled and non-sub-sampled portions.
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L aboratory records will be subject to an independent QA/QC review using established
standards. Results of thisreview will be presented in the final report. Detailed accounts
of recommended standard operating procedures (SOPs) will be included to allow park
staff to carry on the research without compromising consistent methodology. Since the
park has had the same sorting personnel for several years, thisis an especially valuable
assessment, and will lend credibility to prior year's data.

Schedule and Deliverables

Phase | begins with field sample collection in August of Year 1, and continues
throughout the possessing of these samples. The timing of the Phase | deliverablesis
largely dependant on the amount of time it takes park staff to complete laboratory
processing of whole samples, and to provide the associated data matrix. However, if we
assume that the park can provide the data by the following May the analyses should be
completed by October of Year 2. Deliverablesinclude acomprehensive report detailing
the results of the SEE, TEE and QA/QC components of the study, as well as periodic
progress reports. Detailed SOP's will aso be provided.

Phasell

Phase |1 includes areevaluation of SEE and TEE to account for temporal variation.
These analyses will be conducted similarly to those for Phase I, but may be dlightly
modified depending on the results of Phasel. Additionally, Phase |1 expands the scope
of LTEMS by providing an improved qualitative macroinvertebrate survey and a detailed
assessment of Justicia habitat.

Qualitative M acroinvertebrate Survey

As many taxaasis possible will be collected in one day from each station. As many as
possible of these taxa will be identified to species. Thiswill provide acomprehensive
taxalist for each station. Recognized experts for appropriate taxa will be contracted to
confirm identifications. Also, whenever possible, adults will be collected, or reared from
larvae. Thiswill associate juveniles that are not yet identified to species with adults that
can be identified to species. Findings to be reported include the taxonomic composition
of each station, a description of key habitats and the species found in them, and
differences between stations.

Justicia Habitat Assessment

Justicia habitat will be quantitatively assessed, aswill its value as a habitat for benthic
macroinvertebrates. Sampling will be conducted using a modified coring device. The
results will be compared to those from LTEMS methods. Additionally, Justicia beds
will be mapped using Global Positioning System (GPS) technology. The report
generated by thiswork will also include recommendations on appropriate steps for future
monitoring of this habitat.
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QA/QC

The Phase 11 QA/QC will only be conducted on samples processed by the contractor.
The QA SOPs developed will be provided to the park to perform sorting efficiency
checksin-house for Phase ll. Thisresultsin asignificant reduction in the cost for this
phase, when compared with Phase | (see Proposed Budget, below).

Schedule and Deliverables

Phase |1 begins with field sample collection in August of Y ear 2, and continues through
the processing of these samples. Thetiming of Phase Il deliverablesis largely dependant
on the amount of time it takes park staff to complete laboratory processing of the whole
samples, and to provide the associated data matrix. However, assuming that the park can
provide the data by the following May, the analyses should be completed by the next
October. Deliverablesinclude a comprehensive report detailing the results of SEE, TEE,
gualitative macroinvertebrate survey, Justicia habitat assessment (including GPS data)
and QA/QC components of the study aswell as periodic progress reports.

Literature Cited

Caton, L. 1991. Improved sampling methods for the EPA "Rapid Bioassessment"
benthic protocols. North American Benthological Society Bulletin 8(3):317-319.

Smith, E. and M. Marini. 1998. Analysis of long term ecological monitoring of the New
River Gorge National River. Technical report in partial fulfillment of cooperative
agreement CA4000-3-2013. Department of Statistics, Virginia Polytechnic
Institute and State University, Blacksburg.

Voshell J. and D. Orth. 1995. Ecological monitoring in the New River Gorge National
River: analysis of environmental impacts from the black fly pest management
program. Draft Final Report. Department of Entomology, Virginia Polytechnic
Institute and State University, Blacksburg.

Proposed Budget
Year 1 $109,000
Y ear 2: $188,000
Total: $297,000

This budget is preliminary based on figures provided by the U. S. Geological Survey.
Detailed cost estimates will be developed later.
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Historical Fisheries Data Mining

RMP Project Number: NERI-N-001.117
PMIS Number: 91438

Background

The New River system, including the Bluestone and Gauley rivers, has only 46 native
fishes and the lowest ratio of native fishesto drainage area of any river systemin the
eastern United States (Jenkins and Burkhead 1994). The species depauperate New River
fish fauna has been extremely susceptible to invasion. It has the largest number (42) and
proportion (47%) of introduced freshwater species of al maor eastern and central North
American river systems.

Very few spatially extensive surveys of fish speciesin the New, Bluestone, and Gauley
River systems exist in the published literature (Cope 1868, Addair 1944, Stauffer et al.
1980, Hocuitt et al. 1979). Other studies have investigated particular aspects of the
ecology of one or afew species, but these reports contain little information of the other
species that exist with the species being studied.

The West Virginia Department of Natural Resources has conducted about 3,000 fish
surveys since the 1960's. Prior to this, non-game fish were not identified to species (Tom
Bassista, West Virginia Department of Natural Resources, personal communication
1999). The West Virginia Department of Natural Resources also receives collection
permit reports from academic and other-agency researchers who survey fishes within the
state. Of the 3,000 fish surveys, many included only game species, only biomass (no
counts), or only certain habitats (e.g. in pools but not in riffles). It isnot known how
many of these fish surveys were made in streams of interest to the National Park Service.

These data have not been published and currently exist mostly as paper files. The West
Virginia Department of Natural Resources is preparing a database of the fish surveys that
includes location, stream name, investigator, and some other ancillary data. They are
populating this database with fields describing the reliability and collection method of the
survey. Funding is being sought to complete data entry of those surveys deemed reliable.
If these data were availablein areadily accessible, usable format, they should prove
useful in determining trends in the composition of the New River fish assemblage.

Description of Recommended Project or Activity

The objective of this action isto develop a database of historical fishery information for
the New, Bluestone, and Gauley rivers. Sources of existing historical data on fish
communities will be determined by contacting the West Virginia Department of Wildlife
Resources, and by universities that may have studied fishesin the vicinity of the three
parks. The West Virginia Department of Natural Resources paper-file data, along with
other ancillary data, will be entered into computer files.
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Thirty reliable surveys from the Bluestone, New, and Gauley river basins will be
selected. First priority will be given to surveys done inside the present boundary of the
parks, second priority to upstream reaches of tributaries not separated from the parks by
significant barriersto fish movement (dams), and third priority given to other streamsin
the New River watershed. All fileswill be geographically referenced, so that they will be
compatible with Geographic Information System software. Data entry and processing
will include a complete check of all data entered, and final files will include appropriate
metadata.

Computer files prepared by the National Park Service will be shared with the state, and
have aformat consistent with the West Virginia Department of Natural Resources format.

Literature Cited

Addair, J. 1944. Thefishes of the Kanawhariver system in West Virginiaand some
factors which influence their distribution. PhD dissertation, Ohio State
University, Columbus.

Cope, E. 1868. On the distribution of fresh-water fishesin the Allegheny region of
Southwestern Virginia. Journal of Academy of Natural Sciences of Philadelphia,
Series 2, 6, Part 3, Article 5, pp. 204-247.

Hocuitt, C., R. Denoncourt and J. Stauffer, Jr. 1979. Fishes of the Gauley River, West
Virginia. Brimleyana 1:47-80.

Jenkins, R. and N. Burkhead. 1994. Freshwater fishes of Virginia. American Fisheries
Society, Bethesda, MD. 1079 p.

Stauffer, J., Jr., C. Hocutt and S. Markham. 1980. Final report, aguatic biological survey
of the New River, Virginiaand West Virginia Appalachian Environmental
Laboratory, University of Maryland, Frostburg State College Campus, Frostburg,
Md. [unpublished report on file with the U. S. Fish and Wildlife Service, Elkins,
WV]. 19p.

Proposed Budget

Initial estimates are that the contract/interagency agreement for this work will cost
$5,000-10,000. The project should take one year to compl ete.
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Inventory Fishes of Gauley River National Recreation Area

RMP Project Number: NERI-N-001.118
PMIS Number: 89373

Background

A main objective for the Inventory and Monitoring (I& M) Program of the National Park
Service calls for documentation of at least 90% of the species of fishes that occur in each
park. Inaprevious|&M Program meeting it was decided that additional inventories are
needed in National Park Service lands along the New, Gauley, and Bluestone rivers to
achieve this 90% objective. Distributional data of fishesin the New, Gauley, and
Bluestonerivers are available from Stauffer et al. (1995), West Virginia Department of
Natural Resources (Dan Cincotta, pers. comm.), and museum records (such as Cornell,
University of Michigan, and Smithsonian). Previous fish surveys within park boundaries
probably do not achieve the 90% objective. For example, Stauffer et al. (1995) includes
less than 10 collection sites within the Gauley River National Recreation Area boundary.

Description of Recommended Project or Activity

It is proposed to conduct an updated inventory of the fishesin Gauley River National
Recreation Area to achieve this 90% objective, and provide this new distributional datain
asingle database for import into aGIS (ARC/VIEW). All distributional datawill be
cross checked for accuracy and geo-referenced to the National Hydrography Dataset
stream locations. Data entry will follow Geographic Data Committee standards,
including the FGDC Content Standard for Digital Geospatial M etadata.

Distributional data will be obtained by sampling the main stem and tributaries of the
Gauley River within park boundaries. Fish sampling will be done primarily by backpack
electrofishing and will follow guidelines of the EPA Rapid Biological Assessment
protocol for wadeable streams. Other collection methods may be required for larger main
stem sites, such as parallel wire or boat-mounted el ectrofishing techniques. Samples will
be collected at 90 locations that represent the main stem and tributaries (including
Meadow River) within park boundaries. The location of sample sites will be determined
in consultation with park staff and the West Virginia Department of Natural Resources.

The end product of thiswork will be adistributional database of fishes within the Gauley
River National Recreation Area. The database will be provided in a GIS compatible
format, and will contain new distributional data with associated metadata.

Literature Cited

Stauffer, J., J.Boltz and L.White. 1995. The fishes of West Virginia. Philadelphia
Academy of Natural Sciences.
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Proposed Budget

1. Graduate Research Assistant (M.S. student stipend for 1 year) $10,000
2. Fidd Assistants (2 persons for 4 weeks at $8/hour) $ 3,840
3. Fringe benefits (7.9% of 2.) $ 303
Sub-total personnel costs

$14,143

4. Equipment and supplies (nets, seines, waders, etc.) $ 2,900
5. Per diem (30 field days at $30/d/person) $ 2,700
6. Lodging (30 field days at $80 per day) $ 2,400
7. Vehiclerental (4 weeks at $400/week $ 1,600
8. Vehicle fuel $ 1,500
Sub-total travel costs $ 8,200

Total $25,243
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Inventory Fishes of Bluestone National Scenic River

RMP Project Number: NERI-N-001.119
PMIS Number: 89349

Background

A main objective for the Inventory and Monitoring (I& M) Program of the National Park
Service calls for documentation of at least 90% of the species of fishes that occur in each
park. Inaprevious|&M Program meeting it was decided that additional inventories are
needed in National Park Service lands along the New, Gauley, and Bluestone riversto
achieve this 90% objective. Distributional data of fishesin the New, Gauley, and
Bluestonerivers are available from Stauffer et al. (1995), West Virginia Department of
Natural Resources (Dan Cincotta, personal communication 2000), and museum records
(such as Cornell, University of Michigan, and Smithsonian).

The fish fauna of the Bluestone River isthe least understood of the three parks (Dan
Cincotta, West Virginia Department of Natural Resources, personal communication
2000). Previous fish surveys within park boundaries of the Bluestone National Scenic
River probably do not achieve the 90% objective. For example, Stauffer et al. (1995)
includes less than 10 collection sites within the boundaries of the Bluestone National
Scenic River.

Description of Recommended Project or Activity

It is proposed to conduct an additional inventory of the Bluestone National Scenic River
to achieve this 90% objective, and provide this new distributional datain asingle
database for import into a GIS (ARC/VIEW). All distributional datawill be cross
checked for accuracy and geo-referenced to the National Hydrography Dataset stream
locations. Data entry will follow Geographic Data Committee standards, including the
FGDC Content Standard for Digital Geospatial Metadata.

Distributional data will be obtained by sampling the main stem and tributaries of the
Bluestone Nationa Scenic River within park boundaries. Fish sampling will be done
primarily by backpack el ectrofishing and will follow guidelines of the EPA Rapid
Biological Assessment protocol for wadeable streams. Other collection methods may be
required for larger main stem sites, such as parallel wire or boat-mounted el ectrofishing
techniques. It is proposed to collect at 90 locations that represent the main stem and
tributaries within park boundaries. The location of sample sites and design will be
determined in consultation with National Park Service and West Virginia Department of
Natural Resources staff.

The end product of thiswork will be adistributional database of fishes within Bluestone

National Scenic River. This database will be provided in a GIS compatible format, and
will contain distributional data and metadata.
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Literature Cited

Stauffer, JR., JM. Boltz and L.R. White. 1995. The fishes of West Virginia.
Philadel phia Academy of Natural Sciences.

Proposed Budget

1. Graduate Research Assistant (M.S. student stipend for 1 year) $10,000
2. Field Assistants (2 persons for 4 weeks at $8/hour) $ 3,840
3. Fringe benefits (7.9% of 2.) $ 303
Sub-total personnel costs

$14,143

4. Equipment and supplies (nets, seines, waders, etc.) $ 2,900
5. Per diem (30 field days at $30/d/person) $ 2,700
6. Lodging (30 field days at $80 per day) $ 2,400
7. Vehiclerental (4 weeks at $400/week $ 1,600
8. Vehicle fuel $ 1,500
Sub-total travel costs $ 8,200

Total $25,243

Note: If thisproject is performed in concert with Inventory Fishes of Gauley River
National Recreation Area (PMIS #89373), considerable savings may be realized.
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Monitor Status and Distribution of Fishesin
New River Gorge National River

RMP Project Number: NERI-N-001.120
PMIS Number: 91439

Background

The introduction to the New River and its tributaries of new species of fish, particularly
as bait-bucket introductions by fishermen, continues at the present (Cincotta et al. 1999).
Other non-native fish species are expanding their ranges in the New River system,
possibly at the expense of native species. Examples include telescope shiner, spottail
shiner, margined madtom, least brook lamprey, and variegate darter. Jenkins and
Burkhead (1994) have suggested that the once depauperate New River system, in which
42 of 89 known fish species are introduced, can be thought of as alaboratory in
interactions of introduced fish. Cincotta et al. (1999) caution that monitoring the
progress of this unplanned experiment is necessary to understand its results, and that
information lost now cannot be recovered later.

Current fish-community data are available for 5 sites on the New River main channel,
from the park’s Long Term Ecological Monitoring System (LTEMS) program. The U. S.
Geological National Water Quality Assessment (NAWQA) program for the Kanawha-
New River watershed also collected a fish community sample at one of the LTEMS sites,
and another sample from Peters Creek near Lockwood, a Gauley River tributary. With
the possible exception of afew streams where trout are stocked, little other fish
community data have been collected in these streams since 1979-84, and no quantitative
surveys have ever been done of some tributaries (Dan Cincotta, West Virginia
Department of Natural Resources, personal communication 2000).

Description of Recommended Project or Activity

Sixty siteswill be selected. Most sites will be inside park boundaries, but on larger
streams it may be advisable to include some sites outside of the boundary. Thiswill be
useful because road access to these streamsiis often agreat deal easier upstream of the
park boundary. Cryptic fish introductions more common at such locations.

In July-August, fish communities will be sampled by an appropriate e ectrofishing
method for the size of the stream, following modified NAWQA protocols (Meador et al.
1993). After arepresentative reach has been sampled, additional qualitative
electrofishing and selective netting will be done at sites where best professional
judgement suggests that additional species may be present in habitat types not contained
in the main sample reach. Fish will be identified to species, weighed and measured, and
external anomalies will be noted. For quality control, fish voucher specimens and
problematic individuals will be preserved. A recognized expert in local fisheswill
confirm identifications. Collections from most sites will be made using a backpack
electrofisher. On the average, for sites sampled by backpack electrofishing, two
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collections per day will be made, using a crew of three persons. Sites on the New River
will require use of atowed barge and a crew of six persons. Travel between sites and
equipment cleaning and maintenance will take average one hour. Laboratory processing
of preserved specimens will require an average of 6 staff-hours per collection. Data entry
and management will also take an average of 6 staff-hours per collection. This combines
for an overall average of 30 staff-hours per collection. Data manipulation and
interpretation and report writing are estimated to take 400 hours.

If sufficient timeis available, the service provider will evaluate the fish data relative to
water quality. Thiswill be accomplished by use of an appropriate Index of Biotic
Integrity (IBI). Such anindex suitable for West Virginiais currently being devel oped by
the West Virginia Department of Natural Resources and the U. S. Environmental
Protection Agency (Tom Bassista, West Virginia Department of Natural Resources
Natural Heritage Program, personal communication 2000). Because fish integrate
exposure to stresses through time, this assessment will complement ongoing
microbiological and chemical water sampling conducted by New River Gorge National
River.

Datawill be published in areport format to be agreed upon by the National Park Service
and the service provider. Thisreport will include a GI S-compatible map of fish species
ranges in the study area.

Literature Cited

Cincotta, D., D. Chambersand T. Messinger. 1999. Recent changesin the distribution
of fish speciesin the New River basinin West Virginiaand Virginia. Pages 98-
106 In Proceedings of the New River Symposium, Boone, N.C., April 16, 1999.
National Park Service, Glen Jean, WV, 123 pp.

Jenkins, R. and N. Burkhead. 1994. Freshwater fishes of Virginia. American Fisheries
Society, Bethesda, MD, 1079 pp.

Meador, M., T. Cuffney and M. Gurtz. 1993. Methods for sampling fish communities as
part of the National Water-Quality Assessment Program. U. S. Geological Survey
Open-File Report 93-104, 40 pp.

Proposed Budget

It is estimated that this project will take one year to complete and will cost $50,000.
More detailed cost estimates will be developed | ater.
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Deter mine | mpacts of Two Fishery Management
Methods on Stream Ecosystems

RMP Project Number: NERI-N-001.121
PMIS Number: 53013

Background

Enabling legislation for New River Gorge National River allows the West Virginia
Division of Natural Resources (DNR) to manage fisheries within park boundaries. In
streams tributary to the New River, DNR accomplishes this primarily by stocking trout,
and establishing differential-take regulations. Glade Creek has long been stocked by
DNR, primarily with brown (Salmo trutta) and rainbow (Oncor hynchus mykiss) trout.
Most of these stockings involved excess brood-stock fish planted in the upper reaches of
Glade Creek within the park. Thus this fishery has been managed on a put-and-take
basis. Some stockings involved smaller fish, in attempts to establish a self-reproducing
population. Some of these smaller fish, particularly brown trout, apparently have grown
to adulthood and successfully spawned in lower Glade Creek. Two years ago DNR
designated lower Glade Creek as a catch-and-rel ease section.

A considerable amount of research has investigated the impacts of different regulations
on target species (e.g. Clark et al. 1981). Little research has focused on the impacts of
different angling regulations on non-target fish. There is also scant information on the
impacts of these regulations to non-fish aquatic resources. Ward (1974) noted a slightly
higher invertebrate density in a catch-and-release section versus a size-limit section of the
South Platte River in Colorado. This study focused on another issue, and thus the results
are not conclusive. The proposed project is designed to provide insight into both of these
deficiencies.

Description of Recommended Project or Activity

The primary objective isto describe the impacts of different management strategies on
two adjacent stretches of the same stream. The upper section is managed as a put-and-
take fishery, while the lower section is managed on a catch-and-release basis.

Preliminary work will include habitat mapping of Glade Creek from its mouth to the
mouth of Pinch Creek (upstream boundary of the park). Based upon the mapping,
representative study reaches will be established in each of the two management reaches.
All sampling will occur in those reaches.

Sampling will be conducted on a quarterly basis for one year. For each quarter, both
sections will be sampled within the same week (two sampling events). Certain
measurements will be taken on each sampling event. These include discharge, nutrients
(total Kjeldahl nitrogen, ortho phosphate), and basic water quality (pH, conductivity,
alkalinity, turbidity, and dissolved oxygen). A Hydrolab Datasonde will be deployed
continuously from the footbridge that marks the boundary between the two sections.
Temperature will be monitored continuously through the deployment of data loggers such
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asthe HOBO or StowAway. Biotawill be sampled and analyzed by standard methods.
Protocols developed by the U. S. Geological Survey National Water Quality Assessment
(NAWQA) program will be used to the greatest extent possible to validate potential
comparisons with other surveys.

Fish will be sampled by two-pass electrofishing over a 200-meter length of each study
reach. Fish will beidentified, measured, and weighed in the field. Scale samples may be
taken for possible later analysis. Stomach samples of large salmonids may be taken by
gastric elutriation for potential later analysis. Sampling mortality will be noted, and all
fish will be returned to the stream. Various community metrics will be calculated and
evaluated to note differences in populations and communities between the two sections.

Five Ellis-Rutter Stream Sampler (formerly known as the Portable Invertebrate Box
Sampler or PIBS) samples will be collected for each event. Invertebrates collected will
be preserved in the field and returned to the laboratory for sorting and identification.
Standard metrics will be calculated to note differences in populations and communities
between the two sections. Samples will be retained for possible future analyses.

Eight periphyton samples will be collected per sampling event using bar-clamp samplers.
Biomass and chlorophyll a will be analyzed in the laboratory, and used to note
differences between sections.

Standard non-parametric statistical methods will be used to evaluate the magnitude of
differences between each section on a given sampling date. Comparisons over time may
be made within each section, and evaluated heuristically.

Literature Cited

Clark, R., Jr., G. Alexander and H. Gowing. 1981. A history and evaluation of
regulations for brook trout and brown trout in Michigan. North American Journal
of Fisheries Management 1: 1-14.

Ward, J. 1974. A temperature-stressed stream ecosystem below a hypolimnial release
mountain reservoir. Archiv fur Hydrobiologie 74: 247-275.

Proposed Budget
Field mapping; 2 GS 5-5 Technicians, 80 Hours @ $18.39/hour $1,471.20
Map production; 2 GS5-5 Technicians, 80 Hours @ $18.39/hour $1,471.20
Vehiclerental GSA class G61 Jeep Cherokee,

two months @ $287.50/month $557.00
Vehicle mileage GSA mileage rate for above vehicle,

2000 Miles @ $0.16/mile $320.00
Field sampling; GS 11-5 Biologist, 8 hours for each of 16 events

=128 Hours @ $33.72/hour $4,316.16
Field sampling; 2 GS 5-5 Technicians, 8 hours each per 16

sampling events = 256 Hours @ $18.39/hour $4,707.84
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Mapping oversight; GS 11-5 Biologist, 40 Hours @ $33.72/hour

Continuous (HydroL ab MiniSonde)

Hobo temperature logger

Installation materials for above

Installation; WG 10 to install MiniSonde and temperature logger
40 Hours @ $24.80/hour

Miscellaneous supplies (chemicals, disposables,
sample bags and jars, etc.)

Report preparation; GS 11-5 Biologist, 120 Hours @ $33.72/hour

Statistical software to perform statistical data analysis

Data analysis; GS 11-5 Biologist, 80 Hours @ $33.72/hour

Data entry; GS 5-5 Technician, 80 Hours @ $18.39/hour

Sample QA/QC; GS 11-5 Biologist, 40 Hours @ $33.72/hour

Invertebrate sample processing; GS 5-5 Technicians, 40 (2x5x4)
samples at 8 hours/sample = 320 Hours @ $18.39/hour

$1,348.80
$5,775.00
$314.00
$200.00

$992.00

$1,000.00
$4,046.40
$1.200.00
$2,697.60
$1,471.20
$1,348.80

$5,884.80

TOTAL

$39,122.00
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Determine Diets of Exotic Trout in New River
Gorge Tributary Streams

RMP Project Number: NERI-N-001.122
PMIS Number: 53165

Background

The enabling legidation for New River Gorge National River permitsthe West Virginia
Division of Natural Resources (DNR) to manage fisheries within the park. One of
DNR’smaintoolsin thisregard isto stock trout, mostly exotic brown (Salmo trutta) and
rainbow (Oncorhynchus mykiss), in many streams tributary to the New River. Thisis
supposed to occur in consultation with the National Park Service. However, our ability to
function in this consulting role is hampered by alack of knowledge regarding the impacts
of stocked trout on native fish communities. Since trout feed mainly on fish and aquatic
invertebrates, knowing the preferred prey itemsis crucial to understanding the impacts of
these exotics on native communities. Completion of this project will provide this
information.

Two types of trout fisheries exist in New River Gorge National River. A put-and-take
fishery exists where DNR plants excess brood stock of catchable size. Dunloup Creek
and the upper reaches of Glade Creek are examples of streams under this fisheries
management regime. Other streams are managed on a catch-and-release basis. In many
cases such streams were originally stocked with fingerlings that eventually matured and
reproduced, giving riseto a“wild” trout fishery. The lower section of Glade Creek isan
example of thistype of management. Buffalo Creek is also managed on a catch-and-
release basis, with the additional stipulation that angling be by fly-fishing only.

Because two types of trout fisheries exist in New River Gorge streams, it isimportant to
note the different impacts of these management strategies on stream ecosystems. Fishin
“wild” trout streams exist year-round. Their continual presence has the potential to
significantly alter stream ecosystems on along-term basis. Fish stocked as part of a put-
and-take fishery usually do not survive long. Typically, anglers catch them within two
days of planting, although afew do survive for several weeks. Because of their short
time in the stream, these fish are not though to have a great impact on native
communities. However, because of their large relative size, the potential does exist for
put-and-take planted fish to exert considerable predatory influence on stream ecosystem
structure. It isimportant to document whether this impact occurs.

The objective of the proposed activity is to determine the direct impacts of exotic fishes
on native fish communities and stream ecosystems of the central Appalachians by
investigating diets of the exotic fishes. Thiswill be accomplished by obtaining stomach
samples from trout in three streams.
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Description of Recommended Project or Activity

Intact stomachs will be obtained from angler-caught fish in Dunloup Creek and the put-
and-take section of Glade Creek. Fish size and weight and stomach weight will be noted
for these samples. The stomachs will be preserved in the field and returned to the lab for
dissection and identification of the contents.

Dunloup Creek and the put-and-take section of Glade Creek will also be sampled by
electrofishing, as will Buffalo Creek and the catch-and-rel ease section of Glade Creek.
Trout collected will have their stomachs sampled by gastric elutriation in the field. These
fish will be returned to the stream after being weighed and measured. Stomach contents
will be preserved in the field and returned to the laboratory for identification.

Stomach contents will be weighed and identified to the lowest possible taxonomic level.
Appropriate statistical tests will be applied to describe the significance of the results.
Whole stream impact of predation by stocked fish will be evaluated by separately
determining the trout population of each stream section, and extrapolating the appropriate
diet results to that population. Comparison of the two sampling methods for Dunloup
Creek and the put-and-take section of Glade Creek will be made to further evaluate the
results from Buffalo Creek and the catch-and-release section of Glade Creek. Final
results will be submitted for publication in an appropriate peer-reviewed journal.

Proposed Budget

Base on 1999 figures, the preliminary estimate for the cost of this project is $27,000.
More detailed cost estimates will be developed at alater date.
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Evaluate Impacts of Exotic Trout on New River Gorge
National River Tributary Ecosystems

RMP Project Number: NERI-N-001.123
PMIS Number: 52606

Background

Early reports (Cope 1868) do not indicate that brook trout (Salvelinus fontinalis)
inhabited streams tributary to New River Gorge National River. Possible reasonsfor this
exclusion include biogeographic isolation (Jenkins and Burkhead 1994, Stauffer et al.
1995) and temperature (MacCrimmon and Campbell 1969). The West Virginia Division
of Natural Resources (DNR) stocks mostly brown (Salmo trutta) and rainbow
(Oncorhynchus mykiss) trout in some of these streams. This stocking usually supports a
put-and-take fishery, with only afew trout populations remaining viable year-round. The
impacts of these exotics on native stream ecosystems are largely unknown, primarily
because fish faunasin small streams of this region have received little scientific attention
(exceptionsinclude Chipps et al. 1994 and L eftwich et al. 1996).

Scattered literature (Crossman 1991) indicates introduced predatory fishes, like trout,
probably alter fish and invertebrate community structure in streams (Garman and Nielsen
1982, Allan 1983). Introduced game fish have been implicated in the decline and
extinction of native fish populations (Miller et al. 1989, Moyle and Williams 1990).
Benthic algal communities (periphyton) may be indirectly influenced by predator-
induced depression of algivorous fish (Power and Matthews 1983, Stewart 1987) and
invertebrates (Feminella and Hawkins 1995, Bourassa and Cattaneo 1998).

Enabling legislation for New River Gorge National River permits DNR to stock trout.
Thisis supposed to occur in consultation with the National Park Service. Our ability to
consult effectively is hampered by alack of knowledge about native fish communities,
and the impacts of exotic salmonids on area streams. Completion of this project will go a
long way towards fulfilling these needs.

Description of Recommended Project or Activity

The general objectiveisto determine differences in stream ecosystems based on the
presence or absence of exotic trout (“treatment”). Specific objectives include noting
treatment differences in fish, invertebrate, and periphyton community structure.
Ancillary objectives are to note differences in trophic structure and provide a baseline
inventory of aquatic biota of New River tributaries.

This study uses afour stream comparative design. Two streams (Buffalo, Dunloup
Creeks) are stocked with trout and two (Arbuckle, and Slater creeks) are not stocked. A
stream habitat survey will include gradient determination and habitat mapping. Based on
thisinformation, a representative 500-meter study reach will be selected for each stream.
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Each stream will be sampled quarterly for one year. Fish, invertebrate, and periphyton
communities will be sampled and analyzed by standard methods (2-pass electrofishing,
square-footprint stream sampler, bar-clamp samplers). Basic water quality (pH, EC,
etc.), nutrients (TKN, orthophosphate), and discharge data will be collected.
Temperature will be monitored continuously. Protocols developed by the U. S.
Geological Survey National Water Quality Assessment (NAWQA) program will be used
to the extent possible.

Fish collected will be identified, weighed, and measured in the field, and returned to the
stream. Sampling mortality will be noted. Invertebrates will be sampled in cobble-gravel
habitat using an Ellis-Rutter Stream Sampler (formerly the Portable Invertebrate Box
Sampler, or PIBS). Periphyton will be sampled from large cobbles using bar-clamp
samplers. Five samples of each type will be collected on each sampling date. Samples
will be preserved in the field and returned to the NERI Aquatic Biology Laboratory for
identification and enumeration.

Community composition will be determined using standard metrics. Non-parametric
statistics will evaluate the significance of observed differences. Results will be submitted
for publication in an appropriate peer reviewed journal.

Literature Cited

Allan, J. 1983. Predator-prey relationshipsin streams. Pages 191-229in J. R. Barnes
and G. W. Minshall (eds.). Stream ecology: application and testing of general
ecological theory. Plenum Press, New Y ork. 399 pp.

Bourassa, N. and A. Cattaneo. 1998. Control of periphyton biomassin Laurentian
streams (Quebec). Journal of the North American Benthological Society 17: 420-
429.

Chipps, S., W. Perry and S. Perry. 1994. Fish assemblages of the central Appalachian
Mountains: an examination of trophic group abundance in nine West Virginia
streams. Environmental Biology of Fishes 40: 91-98.

Cope, E. 1868. On the distribution of fresh-water fishesin the Allegheny region of
southwestern Virginia. Journal of the Academy of Natural Sciences of
Philadelphia, Series 2, 6, Part 3, Article 5 (1869): 207-247.

Crossman, E. 1991. Introduced freshwater fishes: areview of the North American
perspecctive with emphasis on Canada. Canadian Journal of Fisheries and
Aquatic Sciences 48(supplement): 46-57.
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Jenkins, R. and N. Burkhead. 1994. Freshwater fishes of Virginia. American Fisheries
Society, Bethesda, MD. 1079pp.

Leftwich, K., C. Dalloff, M. Underwood and M. Hudy. 1996. The candy darter
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Proposed Budget

Based on 1999 figures, preliminary estimates are that this project will cost $45,000.
More detailed cost estimates will be developed at alater date.
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Inventory Biological Resour ces of New River Tributaries

RMP Project #: NERI-N-001.107
PMIS #: 60852

Background

Over adozen major streams, and many minor ones, are tributary to New River within
New River Gorge Nationa River. The total length of these streams, within the park, is
greater than the length of the New River within the park. Because of their smaller size,
tributary streams are more intimately associated with their watersheds than are larger
rivers. Thusthey are more affected by activities occurring on the land surface, and from
pollution by both point and non-point sources. Their small size also makes them easier to
manage, and offers the National Park Service the greatest opportunity to develop
effective management strategies for aquatic resources. Where they are impaired,
developing proper restoration and/or recovery management strategies for these streamsis
hindered by the lack of information regarding their biological and ecological
characteristics. While a considerable amount of information is avail able about ecological
conditionsin New River, very little is known about the components, and their
interactions, of the numerous streams tributary to the New River.

The West Virginia Department of Natural Resources stock several of these streams with
trout. At present we do not have sufficient information about the status of aquatic
populations and communities in these streams to accurately, or adequately, evaluate the
impact of trout stocking. Also, these streams may serve asrefugiafor rare species, and
others that have suffered population declines from natural or anthropogenic causes.

Completion of this effort will allow the National Park Service to more intelligently meet
its obligations, as specified in the enabling legidation for New River Gorge

Nationa River, to consult with the State of West Virginiaregarding fish and wildlife
management within the park. Our current knowledge of these streams does not permit
this. Also, completion of this effort will alow the National Park Service to determine the
presence of, and devel op proper management strategies for, any aguatic species of
habitats of special concern. Finally, completion of this effort will serve asthe basis for
developing future monitoring efforts for these streams.

Description of Recommended Project or Activity

The objective of this effort isto provide a systematic survey of aquatic ecological
conditions in the park of streams tributary to New River Gorge National River. This
information will provide a comparable picture of “now” conditions in each of these
streams, as serve as areference point for future monitoring efforts. Thisinformation will
also provide a baseline to guide management of activities in the watersheds of these
streams.
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This project is envisioned as a two-phase, 3-year effort. In the first phase, streams and
watersheds will be mapped in the park’s GIS system. Thiswill alow the linking of
future data collection efforts to watershed characteristics. Thefirst part of this linking
will be the incorporation of existing information, primarily periphyton and fishes, into the
GIS database. It is expected that this phase will take one year to complete.

The second phase will occur over two years. During the first year baseline datawill be
collected on one half of the tributaries. Thisinformation will include one-time samples
of fishes, benthic macroinvertebrates, and periphyton. Fisheswill be sampled by three-
pass el ectrofishing with a backpack electroshocker. Invertebrates will be sampled
according to RBP |1 protocols in cobble-pebble habitat (and possibly on bedrock-
boulder). Periphyton from cobbles and bedrock-boulders will be collected by scraping.
During the second year of this phase, streams not sampled during the first year will be
sampled.

Fish will be identified to species, weighed and measured, and returned to the stream.
Preserved invertebrate samples will be returned to the lab for subsampling. From the
subsamples, individuals will be identified to the lowest reasonable taxon (e.g. genus for
most taxa, subfamily for Chironomidae). Preserved periphyton samples will be returned
to the lab where they will be identified to the lowest reasonabl e taxon, probably genus,
and enumerated. Standard metrics will be calculated and be the basis for data analysis.

Proposed Budget

Preliminary estimates are that this project will cost $45,000 during the first year, and
$40,000 during each of the second and third years, for atotal of $135,000. More detailed
budget estimates will be developed at alater date.
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Outreach to Anglerson the Effects of
Bait-Bucket Fish Introductions

RMP Project Number: NERI-N-001.124
PMIS Number: 91440

Background

The New River system has only 46 native fishes and the lowest ratio of native fishesto
drainage area of any river system in the eastern United States. The New River fish fauna
isgenerally characterized as depauperate, and having unfilled niches. The fish fauna of
the New River system has been extremely susceptible to invasion, and is not presently in
astate of equilibrium. In a comprehensive review (Jenkins and Burkhead 1994) the New
River system was listed as having the largest number and proportion (42 of 89) of
introduced freshwater species of all major eastern and central North American drainages.

New River Gorge Nationa River contains one of the most important warm-water
fisheriesin West Virginia. Theintroduction to the New River and its tributaries of new
species of fish continues at the present (Cincottaet al. 1999). Several endemic species
are at risk of competitive exclusion from the non-natives. Fish speciesincluding the
telescope shiner (Notropis telescopus), spottail shiner (Notropis hudsonius), margined
madtom (Noturus insignis), least brook lamprey (Lampetra aepyptera), and variegate
darter (Etheostoma variatum) are expanding their rangesin the New River system. Most
of the fish species that are expanding their ranges are popular baitfish, and it is probable
that most of the introductions result from anglers releasing unused bait into streams.

Once afish has been introduced to the system, its range may expand either because of
further bait-bucket introduction, or because it out-competes native fish for available
resources. Itislikely that many anglers are unaware that fish distribution varies
significantly among different streams in the same area, or that moving fish can result in
adverse effects to the fish already present in afavorite river. An outreach program to
educate anglers about these and other fisheries management concernsis one of the few
options with the potential to effectively reduce bait-bucket introduction of fish.

Description of Recommended Project or Activity

Interpretive materials including signs and posters will be developed which explain the
unique nature of the New River system fish assemblage, and the risk that invasive, non-
native fish pose to native fish, particularly endemic species. These materials will be
displayed at bait shops and popular fishing access points. The possibility of producing
public service announcements, in cooperation with the West Virginia Department of
Wildlife Resources and the U. S. Fish and Wildlife Service, will aso be explored.

183



Literature Cited

Cincotta, D., D. Chambersand T. Messinger. 1999. Recent changesin the distribution
of fish speciesin the New River Basin in West Virginiaand Virginia. Pages 98 —
106 in Proceedings of the New River Symposium, Boone, N.C., April 16, 1999.
Nationa Park Service, Glen Jean, WV.

Jenkins, R. and N. Burkhead. 1994. Freshwater fishes of Virginia. American Fisheries
Society, Bethesda, MD. 1079 pp.

Proposed Budget

Preliminary estimates are that this project will cost $15,000. More detailed cost estimates
will be developed at alater date.
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Determine Status and Trends of
New River Crayfish Community

RMP Project Number: NERI-N-001.112
PMI1S Number: 60838

Background

Six species of crayfish have been described from New River Gorge National River
(National Park Service 1994). Jezerinac et al. (1995) list five species (Orconectes
sanbornii, O. virilis, O. spinosus, Cambarus bartonii carinirostris, and C. sciotensis) that
are widespread (to differing degrees) in the New River Gorge area. A sixth species (O.
obscurus) has also been collected from the New River (Markham et al. 1980).

The two Cambar us species are considered native. Orconectes virilis was introduced to
Bluestone Lake prior to 1972 (Edmundson 1974). By 1979 they comprised 90% of
samples taken between Bluestone Dam and Sandstone Falls (Markham et al. 1980). Itis
likely that O. sanbornii were introduced later, as none were collected in 1979. By 1983-
1985, they were the predominant crayfish in the 1.1km below Bluestone Dam (Roell and
Orth 1992). Also, O. obscurus comprised 3% of the assemblage in 1979 (Markham et al.
1980), but were not collected in 1984 or 1985 (Roell and Orth 1992). Non-native
crayfish were likely introduced to the New River by anglers as discarded or escaped bait
(Miller 1997). Introduction of non-native crayfish into areas inhabited by native species
(e.g. Hill and Lodge 1999), along with the restricted ranges of most crayfish, are major
factors in about 50% of U.S. and Canadian crayfish being in need of conservation
recognition (Taylor et al. 1996).

Several other crayfish have been collected near the parks. The West Virginia Natural
Heritage Program (NHP) lists the New River crayfish (Cambarus chasmodactylus) as a
species of special concern. Although Jezerinac et al. (1995) considered C.
chasmodactylus restricted to the Greenbrier River (the largest New River tributary), this
species has been reported from another major tributary, the Bluestone River (Hobbs
1989). Cambarus longulusis known from the New River in Virginia. Any West
Virginia specimen would likely be arecent bait bucket introduction. Cambarus
veteranus, also a NHP species of special concern, is known from the upper Bluestone
River watershed. Cambarus robustus is common downstream from New River Gorge
National River, athough a disjunct population is known from the Greenbrier River above
the park. Cambarus necterius, another NHP species of special concern, is endemic to
the New River watershed, specifically the General Davis Spring cave system in the
Greenbrier River basin.

Crayfish are alarge part of asignificant bait fishery in New River between Bluestone
Dam and Sandstone Falls (Nielsen and Orth 1988). Annual harvest by anglers and
commercia bait catchers was about five percent of annual production (Roell and Orth
1992). Overall crayfish production in New River between Bluestone Dam and Sandstone
Falls was about 7.0 grams live weight per square meter per year (Roell and Orth 1992).
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About half the production was by C. sciotensis, and the rest by O. virilisand O.
sanbornii.

No surveys of crayfish have occurred within New River Gorge National River since
1985. Due to changesin community structure noted in earlier studies and the definite
possibility of speciesintroductions by anglers, it isimperative for the National Park
Service to assess the status of the crayfish community, and to document any changes that
have occurred in the last 15 years.

Description of Recommended Project or Activity

The objectives of this project are to assess the status of crayfish community and
populations, and determine if negative trends noted in 1985 have continued.

These objectives will be accomplished by completing a systematic survey of New River
crayfish communities. Crayfish will be sampled from the entire length of New River
within New River Gorge National River. Animals collected will be identified, sexed,
measured, and weighed. Except for individuals retained for voucher specimens and
reference collections for park use, organisms will be returned to the river after sample
processing. Population density, species richness and diversity, and community
composition will be calculated. Population distributions will be mapped, and the new
data will be compared to prior studies to document crayfish community changes. Color
photographs will be made of both sexes of adults and juveniles of each species collected.
Reference collections consisting of both sexes of adults and juveniles of each species
collected will be prepared. Photographs and reference collections will assist future
Resource Management efforts related to crayfish, and be the basis for Interpretive and
educationa materials about crayfish.

Literature Cited
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H. Robinson. 1996. Conservation status of crayfishes of the United States and

Canada. Fisheries 21: 25-37.

Proposed Budget

Site selection reconnaissance; (GS 5-5 Technician), 40 Hours @ $18.39/hour
Site selection reconnaissance; (GS 12-5 PI), 40 Hours @ $40.42/hour

Field sampling; (GS 5-5 Technician), 20 sites at 5 hourg/site
=100 Hours @ $18.39/hour

Field Sampling; (GS 12-5 PI), 20 sites at 5 hourg/site
=100 Hours @ $40.42/hour

Laboratory processing; (GS 5-5 Technician), 120 Hours @ $18.39/hour
Laboratory processing oversight; (GS 12-5 PI), 40 Hours @ $40.42/hour

Data Entry; (GS 5-5 Technician), 80 Hours @ $18.39/hour
Map Production; (GS 12-5 GIS Specidist), 80 Hours @ $40.42/hour

Reference collection; (GS 5-5 Technician), 80 Hours @ $18.39/hour
Reference collection; (GS 12-5 Pl), 40 Hours @ $40.42/hour

Statistical data analysis; (GS 12-5 PI), 120 Hours @ $40.42/hour

Report preparation; (GS 12-5 PI), 80 Hours @ $40.42/hour

$735.60
$1,616.80
$1,839.00
$4,042.00

$2,206.80
$1,616.80

$1,471.20
$3,233.60

$1,471.20
$1,616.80

$4,850.40

$3,233.60
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Supplies: traps (8x$15=$120), nets (2x$300=$600), buckets (8x$10=%$80),
chemicals ($400), jars ($200), office supplies ($300),
miscellaneous ($500) $2,200.00

Vehiclerental; GSA class G61 Jeep Cherokee for two months
@ $278.50/month $557.00

Vehicle mileage: GSA mileage charges for above vehicle,
2000 Miles @ $0.16/mile $320.00

Per diem; Two people (Pl and Technician) for 10 days/nights each
(total 20 days) @ $85.00/day ($55 lodging, $35 M&IE) $1,700.00

TOTAL $32,710.80
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Deter mine Status and Trends of New River Mussel Community

RMP Project Number: NERI-N-001.105
PMIS Number: 1375

Background

Approximately one third of the North American mussel faunais threatened or
endangered, and the decline of mussel communitiesiswell documented. By filtering
water to feed on suspended particles, mussels play an important role in maintaining water
clarity and quality. Protection and monitoring of mussels are especially important to help
identify and understand long term mechanisms for environmental change. No survey of
mussels has been performed in New River Gorge National River since 1984-85. Given
the declining status of mussel communities across North America, it isimperative that
another survey be completed to assess the trends in populations of New River mussels.

New River Gorge Nationa River supports alow-diversity mussel fauna. The low
diversity within the Park, and in the New River as awhole, is notable when compared
with the downstream Kanawha River, formed by the confluence of the New and Gauley
rivers. Seven species of live mussels (Unionidae), and shells of an eighth, were collected
in NERI during 1984-85 (Jirka and Neves 1987). Thirty-four species, including the
federally endangered pink mucket pearly mussel (Lampsilis orbiculata), have been
described from the Kanawha River. Some of the same barriers that prevent fish
migration and have led to a depauperate native fish community in the New River,
particularly Kanawha Falls, may prevent mussel migration and have led to the low
diversity mussel community present in New River Gorge National River. Since most
mussels require specific fish hosts to complete their life cycle (Pennak 1989), the
depauperate New River native fish community may contribute to the depauperate mussel
community.

In the 1984-85 survey, mussels were much more common towards the upstream end of
the park, decreasing significantly below Glade Creek. No living or dead mussels were
found in the lower eight miles of river within the park. Habitat availability appears to
[imit establishment of mussel beds in these lower reaches, and probably leadsto the
relative scarcity of beds below Glade Creek. Mussel beds are susceptible to a variety of
potentially damaging environmental impacts, including physical habitat disturbance,
extremes in flows and water quality degradation. Illegal harvesting of mussels has
become popular in the Mid-Atlantic States because of high commercia value. Anillegal
commercial harvest was documented for New River in 1993.

The mucket (Actinonaias carinata) was by far the most common species found in 1984-
85. It composed over 90% of the individuals collected, and occurred in all areas that
mussels were found. Purple wartyback (Cyclonaias tuberculata) and spike (Elliptio
dilatata) were the next two most common species, comprising about four and two
percent, respectively, of the fauna. These two species were also present in all mussel
beds. Buckhorn, or pistol grip, (Tritogonia verrucosa) were relatively common (<2% of
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the fauna) above Sandstone Falls, but much less common below this point. Elktoe
(Alasmidonta marginata), wavy-rayed lampmussel, (Lampsilis fasciola), and pocketbook
(L. ovata) were collected in very small numbers. Shells of wavy-rayed fasciola and
pocketbook were collected in many mussel beds where no live individuals of these
species were found. Shells of green floater (Lasmigona subviridis) were also collected
during the survey.

Several other mussels have been collected or reported from the New River Gorge area.
Empty valves of Pygandon (=Anodonta) grandis have been found immediately below
Bluestone Dam and near the lower end of Brooks Falls (Jirka and Neves 1987). The
lilliput (Toxolasma parvus) has been collected in the lower New River only near the
mouth of the Gauley River (Jirkaand Neves 1987). A single specimen of rainbow
(Villosa irisiris) has been reported from Bluestone River (Tolin 1985), atributary to
New River just above New River Gorge National River. Another species, mapl el eaf
(Quadrula quadrula), has been reported from New River at Sandstone Falls, but this
report was questionabl e because no other record exists for this species for the entire New
River drainage (Jirkaand Neves 1987). A single specimen of mapleleaf was positively
identified from the Stonecliff areain 2002. The West Virginia Natural Heritage Program
(NHP) lists all native Unionidae as species of special concern. Many of the species found
in New River are also listed by other states NHPs.

New River Gorge Nationa River populations of several of these mussel species are
important for the species as awhole (Richard Neves, Virginia Polytechnic and State
University, personal communication 2002). New River Gorge National River hasthe
best populations of mucket and purple wartyback remaining in the Ohio River Basin.
Even though they are not listed, the New River populations are strongholds for these
species. Thusthey are important for survival of these species throughout their range.
Buckhorn is declining throughout itsrange. The New River Gorge National River
population, if it is reproducing, is important for this species. Green floater has been
proposed as a federal species of concern. The genetics of the Interior Basin populations
of this species are different from the Atlantic Coast populations, and they may be distinct
subspecies. Elktoe are nearly extinct from New River in Virginia. Thisspeciesisaso a
contender for federal protection.

An exotic mollusk, the Asiatic clam (Corbicula fluminea), has been w